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Fig.43
PKS AND
C20KO T.aureum FA
113.0% 0.31 027 C14:0
23.3% 2.71 1161 C15:0
176.4% 15.41 8.74 C16:0
23.8% 3.44 14.46 c17:0
37.0% 1.02 276 C17:1
125.2% 2.26 1.80 c18:0
279.4% 1.96 0.70 C18:1n-9
443 .0% 3.96 0.89 C18:1n-7
208.2% 1.71 0.82 C18:2n-6(LA)
26.0% 0.26 1.01 G19:0
60.9% 0.45 073 C18:3n-6(GLA)
163.7% 0.81 0.49 G192
996.6% 1.81 0.18 020 3n-6(DGLA)
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1550.6% 0.31 002 C20:4n-3(ETA)
463.3% 2492 5.38 C20:5n3(EPA)
40.3% 0.47 1.18 C22:4n-6(DTA)
108.6% 5.90 5.43 C22:5n-6(DPA)
47.9% 0.58 1.20 C22:5n-3(DPA)
20.0% 6.78 3397 | C22:6n-3(DHA)
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Fig.50
COMPARISON WITH | PKS(OrfAJKO | PKS(OrfA)KO
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106.1% 052 0.49 C14:0
105.7% 063 0.59 C15:0
118.1% 23.39 1981 C16:0
109.6% 056 0.51 C17:0
147 4% 0.13 0.09 C17:1
86.7% 943 10.87 C18:0
84.2% 850 10.09 C18:1n-9
1205% 3.09 256 C18:1n-7
98.4% 5.18 526 C18:2n-6(LA)
94.4% 017 0.18 C19:0
124.3% 0.59 0.47 C18:3n-6(GLA)
99.4% 0.70 0.70 C19:2
83.7% 1.77 212 020:3n-6(DGLA)
13.8% 153 11.13 C20:4n-6(AA)}
5398 4% 054 0.01 C20:4n-3(ETA)
375.8% 11.36 3.02 C20:5n3(EPA)
40.0% 204 511 C22:4n-6(DTA)
7.0% 1.16 1655 C22:5n-6(DPA)
669.3% 385 0.58 C22:5n-3(DPA)
314.1% 22 04 7.02 C22:6n-3(DHA)
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Fig.51
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Fig.53
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Fig.57
ﬁ?ﬁgﬁ?iﬁgﬁgﬁm C20elo KO | T. roseum FA
14.5% .11 765 G140
23.9% 1.81 7.57 G150
78.2% 21.89 2799 C16.0
28.8% 0.48 168 G180
59.9% 1.42 237 C18:1n9
8.4% 0.08 099 G181n7
79.9% 2.47 3.09 C192
121.8% 5.50 4.51 C20:4n-6(ARA)
163.8% 8.45 516 G20:5n-3(EPAY
124.8% 13.17 1055 DPA(N-6)
154.5% 43.94 28.44 DHA
100 100 total
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Fig.58
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Fig.64
PKS AND
A4des KO T.aureum FA

92.6% 0.58 062 C14:0
101.0% 443 443 C150

93.7% 128 13.56 C16:0
176.1% 2.84 3.32 170
128 .4% 205 1.60 c18.0
304 9% 483 1.58 C181n-92
250.1% 449 1.80 C1&1n-7
450.5% 447 0.89 C18:2n—6(LA)
310.7% 0.81 0.26 c12:0
784 5% 2617 0.34 C18:3n—6(GLA)
229 0% 059 0.26 c19:2
353.7% 080 025 C20:3n6(DGLA
164.2% 6.35 3.87 C20:4n—-6{AA)
182 8% 023 015 C20:4n-3(ETA)
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C20 elongase KO SEK358 FA
101.0% 1.41 1.40 C14:0
32.0% 2.44 763 C15:0
62.1% 13.49 2173 C16:0
26.6% 196 7.34 C17:0
39.6% 295 7.46 C180
22.0% 319 1447 C18:1n-8
84 5% 019 023 C18:1n-7
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Fig.70
G20 elongase KO SEXETT FA
43.8% 098 223 C14:0
187.0% 486 247 Cis0
40.6% 1413 3478 C16:0
152 7% 480 314 G170
43.4% 471 1086 ci80
§5.5% 366 428 C181n-9
234 8% 0.37 016 C1BIn-7
251.6% 1.70 067 C18:2n-6{LA)
228.8% 107 0.47 C18:3n~6(GLA)
156.9% 024 0138 182
450.2% 183 0.43 C20:3n~6{DGLA)
3885% 1324 347 C20:4n-B(AK)
1048.9% 114 011 C204n—3ETA)
182 8% 043 024 cz20
796 8% 2958 371 C20:5n3(EPA)
9.0% 015 1681 C2Z2:4n~6{DTA)
8.2% 096 11.69 G272 5n—B{DPA)
34.0% 0725 075 CzZ:5n-3(DPA)
8.6% 117 1362 C22:6n-3(DHA]

US 9,062,315 B2



U.S. Patent

Fig.71

Thalassiosira
Phaeodacty lum
Thi2d
Micromonas
CONSENsuUs

Thalassiosira
Phaeodacty lum
Thi2d
Hicromonas
CONSENsius

Thalassiosira
Phaeodacty lum
™izd
Micromonas
consensus

Thalassiosira
Phaeodacty lum
Thi2d
Micromonas
consensus

Thalassiosira
Phaeodacty lum
T™hizd
Micromonas
cCOnsSensus

Thalassiosira
Phaeodacty lum
TD12d
Micromonas
CONSENSsUSs

Thalassiosira
Phacodacty lum
Thi2d
Wicromonas
CONSensus

Sheet 46 of 65

Jun. 23, 2015

i
1
1-
|

1

47 glIgHs’
47 ~
40

61 LI
61 .

107
105

92
111
121

PYFRWQYSH ’&KHHE\’R?\

167 [
165 W]
144 i
164
181

;u;— ST
u«c;xa SSIF
: EE{;QM& KPNHP\@G%

NHF IPS——— INTGR -

996 BIRETTE
225 &

204
219
241

286
285
264
279
301

1K 1GSTHVAHHLFHEMPY@AL
THH gmz
THVSHHI

'HY uﬁﬁg

345 [§
344 {463
324
339 |

US 9,062,315 B2



U.S. Patent Jun. 23,2015 Sheet 47 of 65 US 9,062,315 B2

Fig.72
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Fig.75
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Fig.81
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METHOD FOR TRANSFORMATION OF
STRAMENOPILE

TECHNICAL FIELD

The present invention relates to a method for transforming
stramenopile whereby genes of stramenopile are disrupted
and/or expression thereof is inhibited by genetic engineering.
Particularly, the invention relates to a transformation method
for disrupting genes associated with fatty acid biosynthesis
and/or inhibiting expression thereof, a method for modifying
the fatty acid composition of a stramenopile, a method for
highly accumulating fatty acids in a stramenopile, a stra-
menopile having an enhanced unsaturated fatty acid content,
and a method for producing unsaturated fatty acid from the
unsaturated fatty acid content-enhanced stramenopile,
among others.

BACKGROUND ART

Polyunsaturated fatty acids (PUFA) represent an important
component of animal and human nutrition. ®3 polyunsatu-
rated fatty acids (also called n-3 polyunsaturated fatty acids)
such as eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) have a wide range of roles in many aspects of
health, including brain development in children, eye func-
tions, syntheses of hormones and other signaling substances,
and prevention of cardiovascular disease, cancer, and diabe-
tes mellitus (Non-Patent Documents 1 and 2). These fatty
acids therefore represent an important component of human
nutrition. Accordingly, there is a need for polyunsaturated
fatty acid production.

Meanwhile, microorganisms of the class Labyrinthulo-
mycetes are known to produce polyunsaturated fatty acids.
Concerning microorganisms of the family Thraustochytrium,
there are reports of, for example, a polyunsaturated fatty
acid-containing phospholipid producing method using
Schizochytrium microorganisms (Patent Document 1), and
Thraustochytrium microorganisms having a docosa-
hexaenoic acid producing ability (Patent Document 2). For
enhancement of food and/or feed by the unsaturated fatty
acids, there is a strong demand for a simple economical
process for producing these unsaturated fatty acids, particu-
larly in the eukaryotic system.

With regard to the class Labyrinthulomycetes, there have
been reported foreign gene introducing methods for specific
strains of the genus Schizochytrium (the genus Auranthio-
chytrium (Non-Patent Document 4) in the current classifica-
tion scheme (Non-Patent Document 3)) (Patent Documents 3
and 4). Further, a method that causes a change in fatty acid
composition by means of transformation is known in which a
polyketide synthase (PKS) gene is destroyed to change the
resulting fatty acid composition (Non-Patent Document 5).
However, there is no report directed to changing a fatty acid
composition by manipulating the enzymes of the elongase/
desaturase pathway. Under these circumstances, the present
inventors found ways to change fatty acid compositions
through introduction of elongase/desaturase genes into vari-
ous species of Labyrinthulomycetes, and have filed a patent
application therefor (Patent Document 5).
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SUMMARY OF THE INVENTION
Problems that the Invention is to Solve

The present invention is directed to improving the ability of
a stramenopile to produce useful substances byway of trans-
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formation through disruption of stramenopile genes and/or
inhibition of expression thereof by genetic engineering. By
modifying the ability to produce useful substances through
disruption of stramenopile genes associated with production
of useful substances and/or inhibition of expression thereof
by genetic engineering, the invention provides a modification
method of a fatty acid composition produced by a strameno-
pile, a method for highly accumulating fatty acids in a stra-
menopile, an unsaturated fatty acid producing method, a stra-
menopile having an enhanced unsaturated fatty acid content,
and production of unsaturated fatty acid from the unsaturated
fatty acid content-enhanced stramenopile. With the modifi-
cation of a fatty acid composition produced by a strameno-
pile, and the method for highly accumulating fatty acids in a
stramenopile, the present invention enables more efficient
production of polyunsaturated fatty acids.

Means for Solving the Problems

The present inventors conducted intensive studies under
the foregoing circumstances of the conventional techniques,
and succeeded in transforming a stramenopile by way of
disrupting stramenopile genes and/or inhibiting expression
thereof by genetic engineering to greatly improve the ability
of'the stramenopile to produce an unsaturated fatty acid. The
present inventors also found a method for modifying the fatty
acid composition produced by a stramenopile through disrup-
tion of stramenopile genes or inhibition of expression thereof
by genetic engineering, and a method for highly accumulat-
ing unsaturated fatty acids in the transformed stramenopile.
The present invention was completed after further studies and
development for practical applications.

The gist of the present invention includes the following
stramenopile transformation methods (1) to (12).

(1) A method for transforming stramenopile, the method
including disrupting a stramenopile gene and/or inhibiting
expression thereof by genetic engineering.

(2) The method according to (1), wherein the stramenopile
belongs to the class Labyrinthulomycetes.

(3) The method according to (2), wherein the Labyrinthu-
lomycetes are microorganisms belonging to the genus Laby-
rinthula, Althornia, Aplanochytrium, Japonochytrium, Laby-
rinthuloides, Schizochytrium, Aurantiochytrium,
Thraustochytrium,  Ulkenia, Oblongichytrium, Botry-
ochytrium, Parietichytrium, or Sicyoidochytrium.

(4) The method according to (3), wherein the microorgan-
isms are Thraustochytrium aureum, Parietichytrium sarkari-
anum, Thraustochytrium roseum, Parietichytrium sp., or
Schizochytrium sp.

(5) The method according to (4), wherein the microorgan-
isms are Thraustochytrium aureum ATCC 34304, Pariet-
ichytrium sarkarianum SEK 364 (FERM BP-11298),
Thraustochytrium roseum ATCC 28210, Parietichytrium sp.
SEK358 (FERM BP-11405), Parietichytrium sp. SEK571
(FERM BP-11406), or Schizochytrium sp. TY12Ab (FERM
BP-11421).

(6) The method according to any one of (1) to (5), wherein
the stramenopile gene is a gene associated with fatty acid
biosynthesis.

(7) The method according to (6), wherein the gene associ-
ated with fatty acid biosynthesis is a gene associated with
polyketide synthase, fatty acid chain elongase, and/or fatty
acid desaturase.

(8) The method according to (7), wherein the fatty acid
chain elongase is a C20 elongase.

(9) The method according to (7), wherein the fatty acid
desaturase is a A12 desaturase.
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(10) The method according to any one of (1) to (9), wherein
the method used to disrupt the stramenopile gene by genetic
engineering is electroporation or a gene-gun technique intro-
ducing a loss-of-function gene or a DNA fragment from
which a coding region of the gene is deleted.

(11) The method according to any one of (1) to (10),
wherein the method used to inhibit expression of the stra-
menopile gene by genetic engineering is an antisense tech-
nique or RNA interference.

(12) The method according to any one of (1) to (11), further
including introducing a gene associated with fatty acid
desaturase.

(13) The method according to (12), wherein the gene asso-
ciated with fatty acid desaturase is an ®3 desaturase.

Further, the gist of the present invention includes the fol-
lowing methods (14) to (26) for modifying the fatty acid
composition of a stramenopile.

(14) A method for modifying the fatty acid composition of
a stramenopile, the method including disrupting a strameno-
pile gene and/or inhibiting expression thereof by genetic
engineering.

(15) The method according to (14), wherein the strameno-
pile belongs to the class Labyrinthulomycetes.

(16) The method according to (15), wherein the Labyrin-
thulomycetes are microorganisms belonging to the genus
Labyrinthula, Althornia, Aplanochytrium, Japonochytrium,
Labyrinthuloides,  Schizochytrium,  Aurantiochytrium,
Thraustochytrium,  Ulkenia, Oblongichytrium, Botry-
ochytrium, Parietichytrium, or Sicyoidochytrium.

(17) The method according to (16), wherein the microor-
ganisms are Thraustochytrium aureum, Parietichytrium
sarkarianum, Thraustochytrium roseum, Parietichytrium sp.,
or Schizochytrium sp.

(18) The method according to (17), wherein the microor-
ganisms are Thraustochytrium aureum ATCC 34304, Pariet-
ichytrium sarkarianum SEK 364 (FERM BP-11298),
Thraustochytrium roseum ATCC 28210, Parietichytrium sp.
SEK358 (FERM BP-11405), Parietichytrium sp. SEK571
(FERM BP-11406), or Schizochytrium sp. TY12Ab (FERM
BP-11421).

(19) The method according to any one of (14) to (18),
wherein the stramenopile gene is a gene associated with fatty
acid biosynthesis.

(20) The method according to (19), wherein the gene asso-
ciated with fatty acid biosynthesis is a gene associated with
polyketide synthase, fatty acid chain elongase, and/or fatty
acid desaturase.

(21) The method according to (20), wherein the fatty acid
chain elongase is a C20 elongase.

(22) The method according to (21), wherein the fatty acid
desaturase is a A12 desaturase.

(23) The method according to any one of (14) to (22),
wherein the method used to disrupt the stramenopile gene by
genetic engineering is electroporation or a gene-gun tech-
nique introducing a loss-of-function gene or a DNA fragment
from which a coding region of the gene is deleted.

(24) The method according to any one of (14) to (23),
wherein the method used to inhibit expression of the stra-
menopile gene by genetic engineering is an antisense tech-
nique or RNA interference.

(25) The method according to any one of (14) to (24),
further including introducing a gene associated with fatty
acid desaturase.

(26) The method according to (25), wherein the gene asso-
ciated with fatty acid desaturase is an ®3 desaturase.
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Further, the gist of the present invention includes the fol-
lowing methods (27) to (29) for highly accumulating fatty
acids in a stramenopile.

(27) A method for highly accumulating a fatty acid in a
stramenopile, wherein the method uses the method of any one
of (14) to (26).

(28) The method according to (27), wherein the fatty acid
is an unsaturated fatty acid.

(29) The method according to (28), wherein the unsatur-
ated fatty acid is an unsaturated fatty acid of 18 to 22 carbon
atoms.

Further, the gist of the present invention includes the fol-
lowing fatty acid (30).

(30) A fatty acid obtained from the stramenopile in which
the fatty acid is highly accumulated by using the method of
any one of (27) to (29).

Further, the gist of the present invention includes the fol-
lowing transformed stramenopiles (31) to (43).

(31) A stramenopile transformed for the modification of
the fatty acid composition through disruption of its gene
and/or inhibition of expression thereof by genetic engineer-
ing.

(32) The stramenopile according to (31), wherein the stra-
menopile belongs to the class Labyrinthulomycetes.

(33) The stramenopile according to (32), wherein the
Labyrinthulomycetes are microorganisms belonging to the
genus Labyrinthula, Althornia, Aplanochytrium,
Japonochytrium, Labyrinthuloides, Schizochytrium, Auran-
tiochytrium, Thraustochytrium, Ulkenia, Oblongichytrium,
Botryochytrium, Parietichytrium, or Sicyoidochytrium.

(34) The stramenopile according to (33), wherein the
microorganisms are Thraustochytrium aureum, Pariet-
ichytrium sarkarvianum, Thraustochytrium roseum, Pariet-
ichytrium sp., or Schizochytrium sp.

(35) The stramenopile according to (34), wherein the
microorganisms are Thraustochytrium aureum ATCC 34304,
Parietichytrium sarkarianum SEK 364 (FERM BP-11298),
Thraustochytrium roseum ATCC 28210, Parietichytrium sp.
SEK358 (FERM BP-11405), Parietichytrium sp. SEK571
(FERM BP-11406), or Schizochytrium sp. TY12Ab (FERM
BP-11421).

(36) The stramenopile according to any one of (31) to (35),
wherein the stramenopile gene is a gene associated with fatty
acid biosynthesis.

(37) The stramenopile according to (36), wherein the gene
associated with fatty acid biosynthesis is a gene associated
with polyketide synthase, fatty acid chain elongase, and/or
fatty acid desaturase.

(38) The stramenopile according to (36), wherein the fatty
acid chain elongase is a C20 elongase.

(39) The stramenopile according to (37), wherein the fatty
acid desaturase is a A12 desaturase.

(40) The stramenopile according to any one of (31) to (39),
wherein the method used to disrupt the stramenopile gene by
genetic engineering is electroporation or a gene-gun tech-
nique introducing a loss-of-function gene or a DNA fragment
from which a coding region of the gene is deleted.

(41) The stramenopile according to any one of (31) to (40),
wherein the method used to inhibit expression of the stra-
menopile gene by genetic engineering is an antisense tech-
nique or RNA interference.

(42) The stramenopile according to any one of (31) to (41),
further comprising introducing a gene associated with fatty
acid desaturase is introduced.

10

15

20

25

30

35

40

45

50

55

60

65

6

(43) The stramenopile according to (42), wherein the gene
associated with fatty acid desaturase is an w3 desaturase.

Advantage of the Invention

The present invention improves the ability of a strameno-
pile to produce useful substances by way of transformation
through disruption of stramenopile genes and/or inhibition of
expression thereof by genetic engineering. By modifying the
stramenopiles’ ability to produce useful substances through
disruption of stramenopile genes associated with production
of useful substances and/or inhibition of expression thereof
by genetic engineering, the invention provides a modification
method of a fatty acid composition produced by a strameno-
pile, a method for highly accumulating fatty acids in a stra-
menopile, an unsaturated fatty acid producing method, a stra-
menopile having an enhanced unsaturated fatty acid content,
and production of unsaturated fatty acid from the unsaturated
fatty acid content-enhanced stramenopile. With the modifi-
cation of the fatty acid composition produced by a strameno-
pile, and the method for highly accumulating fatty acids in a
stramenopile, the present invention enables more efficient
production of polyunsaturated fatty acids.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 represents the result of RACE performed to amplify
a 1. aureum ATCC 34304-derived elongase gene in Example
2-2. [Brief Description of Reference Numerals] 1: 5'-RACE
using a synthetic adapter-specific oligonucleotide and a dena-
tured oligonucleotide elo-R; 2: 3'-RACE using a synthetic
adapter-specific oligonucleotide and a denatured oligonucle-
otide elo-F; 3: 5'-RACE using only elo-R (negative control);
4: 3'-RACE using only elo-F (negative control); 5: 5'-RACE
using only a synthetic adapter-specific oligonucleotide (nega-
tive control); 6: 3'-RACE using only a synthetic adapter-
specific oligonucleotide (negative control).

FIG. 2 represents a molecular phylogenetic tree of 7
aureum ATCC 34304-derived A6/A9 elongase and AS5/A6
elongase (TaELO1 and TaELO2) of Example 2-3.

FIG. 3 represents the evaluation of transfectants with the
introduced KONeor in Example 2-8. (A), an oligonucleotide
primer set used for the evaluation of the transfectants by a
PCR performed with template genomic DNA. [Brief Descrip-
tion of Reference Numerals] (1) Neor detection primers
(SNeoF and SNeoR), (2) KO verification 1 (KO Pro F Smal
and KO Term R Smal), (3) KO verification 2 (E2 KO ProF
EcoRV and SNeoR), (4) KO verification 3 (SNeoF and E2 KO
Term R EcoRV), (5) TaELO2 detection (E2 HindIII and E2
Xbal); (B), the result of agarose electrophoresis in the evalu-
ation of the transfectants by a PCR performed with template
genomic DNA. [Brief Description of Reference Numerals] 1,
5,9, 13, 17: transfectants; 2, 6, 10, 14, 18: wild-type strains;
3,7,11,15,19: samples using KONeor as a template; 4, 8, 12,
16: no template. The numbers (1) to (5) above the lane num-
bers represent the oligonucleotide primer sets used.

FIG. 4 represents the result of confirming the copy num-
bers of TaELO2 by southern blotting in Example 2-9. [Brief
Description of Reference Numerals] 1: genomic DNA (2.5
ng), BamHI treatment; 2: Bglll treatment; 3: EcoRI treat-
ment; 4: EcoRV treatment; 5: HindIII treatment; 6: Kpnl
treatment; 7: Smal treatment; 8: Xbal treatment; 9: positive
control (a PCR product amplified with 1-ng E2 KO ProF
EcoRV and E2 KO Term R EcoRYV, containing TaEL.O2).

FIG. 5 represents the evaluation of TKONeor-introduced
transfectants by southern blotting in Example 2-10. (A), a
schematic view representing the southern blotting performed
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for the detection of a wild-type allele or a TKONeor-intro-
duced mutant allele; (B), the result of southern blotting.
[Briet Description of Reference Numerals] 1: 7. aureum wild-
type strain (2.5-ug genomic DNA); 2, 3: TKONeor-intro-
duced transfectants (2.5-ug genomic DNA); 4: positive con-
trol (a PCR product amplified with 50-ng E2 KO ProF EcoRV
and E2 KO Term R EcoRYV, containing TaEL.O2).

FIG. 6 represents the PCR evaluation performed in
Example 2-12 by using as a template the genomic DNA ofthe
transfectant obtained by KOub600Hygr reintroduction. (A),
the oligonucleotide primer set used. [Brief Description of
Reference Numerals] (1) TaELO2 ORF detection (SNeoF
and SNeoR), (2) KO verification (E2 KO Pro F EcoRV and
ubi-hygro R); (B), the result of agarose electrophoresis in a
PCR using the oligonucleotide primer set (1) for KO verifi-
cation (arrows indicate transfectants for which amplification
of'a specific product was confirmed, and that were assumed to
be TaELO2-deficient homozygotes); (C) the result of agarose
electrophoresis in a PCR performed for the transfectants
identified as TaEL.O2-deficient homozygotes using the oligo-
nucleotide primer set (2) for TaELO2 ORF detection. [Brief
Description of Reference Numerals] 1: sample using
KOub600Hygr as a template; 2: wild-type strain.

FIG. 7 represents the southern blotting evaluation of the
transfectants obtained by KOub600Hygr reintroduction in
Example 2-12. (A), a schematic view representing the south-
ern blotting performed for the detection of a wild-type allele,
a KONeor-introduced mutant allele, and a KOub600Hygr-
introduced mutant allele; (B), the result of southern blotting.
[Brief Description of Reference Numerals] 1, 9: wild-type
strains; 2-8 and 10-16: TaEL.O2-deficient homozygotes.

FIG. 8 represents the result of the southern blotting per-
formed for the detection of TaELO2 in Example 2-12. [Brief
Description of Reference Numerals] 1: wild-type strain; 2-5:
T TaELO2-deficient homozygotes.

FIG. 9 represents the result of the RT-PCR agarose gel
electrophoresis performed for the detection of TaELO2
mRNA in Example 2-12. [Brief Description of Reference
Numerals] 1-4 TaELO2-deficient homozygotes; 5: wild-type
strain; 6-9: TaELO2-deficient homozygotes, using total RNA
as a template (negative control); 10: wild-type strain, using
total RNA as a template (negative control); 11: sample using
wild-type strain genomic DNA as a template (positive con-
trol).

FIG. 10 represents the result of the comparison of the fatty
acid compositions of the wild-type strain and a TaELO2-
deficient homozygote in Example 2-13.

FIG. 11 represents a plasmid containing the SV40 termi-
nator sequence derived from a subcloned pcDNA 3.1 Myc-
His vector.

FIG. 12 is a schematic view showing the primers used for
fusion PCR, and the product. The end product is the fused
sequence of a Thraustochytrium aureum ATCC 34304-de-
rived ubiquitin promoter and an artificial neomycin-resistant
gene.

FIG. 13 represents a BgllI cassette of the produced artifi-
cial neomycin-resistant gene.

FIG. 14 is a schematic view showing the primers used for
fusion PCR, and the product. The end product is the fused
sequence of a Thraustochytrium aureum ATCC 34304-de-
rived ubiquitin promoter and a pcDNA 3.1/Hygro-derived
hygromycin-resistant gene.

FIG. 15 represents a Bgll cassette of the produced pcDNA
3.1/Hygro-derived hygromycin-resistant gene.

FIG. 16 represents a plasmid containing a cloned Pariet-
ichytrium C20 elongase sequence.
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FIG. 17 represents a plasmid with a BgllI site inserted into
the Parietichytrium C20 elongase sequence of the plasmid of
FIG. 16.

FIG. 18 represents produced Parietichytrium C20 elongase
gene targeting vectors (two vectors). The vectors have a neo-
mycin-resistant gene (pRH85) or a hygromycin-resistant
gene (pRH86) as a drug-resistance marker.

FIG. 19 is a schematic view representing the positions of
the PCR primers used for the identification of the C20 elon-
gase gene disrupted strain of Parietichytrium sarkarianum
SEK364, and the expected products.

FIG. 20 represents the C20 elongase gene disruption evalu-
ation performed by a PCR using the Parietichytrium sarkari-
anum SEK364 genomic DNA as a template. [Description of
Reference Numerals|+/+: Parietichytrium sarkarianum
SEK364 wild-type strain; +/—: Parietichytrium savkarianum
SEK364-derived C20 elongase gene first allele homologous
recombinant; —/-: Parietichytrium sarkarianum SEK364-de-
rived C20 elongase gene disrupted strain.

FIG. 21 represents the result of the comparison of the fatty
acid compositions of the Parietichytrium sarkarianum
SEK364 wild-type strain and the C20 elongase gene dis-
rupted strain. Blank bar and solid bar indicate the fatty acid
compositions of the wild-type strain and the gene disrupted
strain, respectively. All values are given as mean
valuesstandard deviation.

FIG. 22 represents the proportions of the fatty acids of the
C20 elongase gene disrupted strain relative to the Pariet-
ichytrium sarkarianum SEK364 wild-type strain taken as
100%.

FIG. 23 is a schematic view of the primers used for fusion
PCR, and the product. The end product is the fused sequence
of Thraustochytrium aureum ATCC 34304-derived 18S
tDNA, Thraustochytrium aureum ATCC 34304-derived
EFla promoter, artificial neomycin-resistant gene, and
Thraustochytrium aureum ATCC 34304-derived EF 1o termi-
nator.

FIG. 24 represents a plasmid obtained by partial cloning of
the DNA fragment joined in FIG. 23. The plasmid contains a
partial sequence on the 3'-end side of the EcoRI site of the
Thraustochytrium aureum ATCC 34304-derived 18S rDNA,
the Thraustochytrium aureum ATCC 34304-derived EFla
promoter, the artificial neomycin-resistant gene, and a partial
sequence on the 5'-end side of the Ncol site of the Thraus-
tochytrium aureum ATCC 34304-derived EF1a terminator.

FIG. 25 represents a produced Thraustochytrium aureum
ATCC 34304 PKS pathway-associated gene orfA targeting
vector. The vector has a neomycin-resistant gene as a drug-
resistance marker.

FIG. 26 represents a plasmid containing the upstream
sequence of Thraustochytrium aureum ATCC 34304 PKS
pathway-associated gene orfA, a Thraustochytrium aureum
ATCC 34304-derived ubiquitin promoter, and a hygromycin-
resistant gene.

FIG. 27 represents a produced Thraustochytrium aureum
ATCC 34304 PKS pathway-associated gene orfA targeting
vector. The vector has a hygromycin-resistant gene as a drug-
resistance marker.

FIG. 28 is a schematic view representing the positions of
the southern hybridization analysis probes used for the iden-
tification of the PKS pathway-associated gene orfA disrupted
strain of Thraustochytrium aureum ATCC 34304, and the
expected gene fragment sizes.

FIG. 29 represents the evaluation of PKS pathway-associ-
ated gene orfA disruption performed by southern hybridiza-
tion using the Thraustochytrium aureum ATCC 34304
genomic DNA. [Description of Reference Numerals] T. au:
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Thraustochytrium  aureum ATCC 34304  wild-type
strain; +/—: Thraustochytrium aureum ATCC 34304-derived
PKS pathway-associated gene orfA first allele homologous
recombinant; —/—: Thraustochytrium aureum ATCC 34304-
derived PKS pathway-associated gene orfA disrupted strain.

FIG. 30 represents the result of the comparison of the fatty
acid compositions of the Thraustochytrium aureum ATCC
34304 wild-type strain and the PKS pathway-associated gene
orfA disrupted strain. Blank bar and solid bar indicate the
fatty acid compositions of the wild-type strain and the gene
disrupted strain, respectively. All values are given as mean
valuesstandard deviation.

FIG. 31 represents the proportions of the fatty acids of the
PKS pathway-associated gene orfA disrupted strain relative
to the Thraustochytrium aureum ATCC 34304 wild-type
strain taken as 100%.

FIG. 32 is a schematic view representing the primers used
for fusion PCR, and the product. The end product is the fused
sequence of Thraustochytrium aureum ATCC 34304-derived
ubiquitin promoter and pTracer-CMV/Bsd/lacZ-derived
blasticidin-resistant gene.

FIG. 33 represents a pTracer-CMV/Bsd/lacZ-derived blas-
ticidin-resistant gene BgllI cassette.

FIG. 34 is a schematic view representing the primers used
for fusion PCR, and the product. The end product is the fused
sequence of Thraustochytrium aureum ATCC 34304-derived
ubiquitin promoter and enhanced GFP gene (clontech).

FIG. 35 is a schematic view representing the primers used
for fusion PCR, and the product. The end product is the fused
sequence of Thraustochytrium aureum ATCC 34304-derived
ubiquitin promoter, enhanced GFP gene (clontech), and
pcDNA3.1 Zeo(+)-derived zeocin-resistant gene.

FIG. 36 represents a produced enhanced GFP-zeocin-re-
sistant fused gene BgllI cassette.

FIG. 37 represents a plasmid containing a cloned 7hraus-
tochytrium aureum ATCC 34304 C20 elongase sequence and
nearby sequences.

FIG. 38 represents a plasmid with the inserted Bglll site
after the complete deletion of the Thraustochytrium aureum
ATCC 34304 C20 elongase sequence from the plasmid of
FIG. 37.

FIG. 39 represents produced Thraustochytrium aureum
ATCC 34304 C20 elongase gene targeting vectors (two vec-
tors). The vectors have a blasticidin-resistant gene (pRH43)
or an enhanced GFP-zeocin-resistant fused gene (pRH54) as
a drug-resistance marker.

FIG. 40 is a schematic view representing the positions of
the southern hybridization analysis probes used for the iden-
tification of the C20 elongase gene disrupted strain of the
Thraustochytrium aureum ATCC 34304 PKS pathway (orfA
gene) disrupted strain, and the expected gene fragment sizes.

FIG. 41 represents the evaluation of C20 elongase gene
disruption performed by southern hybridization using the
Thraustochytrium aureum ATCC 34304 genomic DNA. [De-
scription of Reference Numerals] T. au: Thraustochytrium
aureum ATCC 34304 wild-type strain, —/-: Thraus-
tochytrium aureum ATCC 34304-derived PKS pathway
(orfA gene) and C20 elongase gene double disrupted strain.

FIG. 42 represents the result of the comparison of the fatty
acid compositions of the Thraustochytrium aureum ATCC
34304 wild-type strain and the PKS pathway (orfA gene) and
C20 elongase gene double disrupted strain. Blank bar and
solid bar indicate the fatty acid compositions of the wild-type
strain and the gene disrupted strain, respectively. All values
are given as mean valuexstandard deviation.

FIG. 43 represents the proportions of the fatty acids of the
PKS pathway (orfA gene) and C20 elongase gene double
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disrupted strain relative to the Thraustochytrium aureum
ATCC 34304 wild-type strain taken as 100%.

FIG. 44 is a schematic view representing the primers used
for fusion PCR, and the product. The end product is the fused
sequence of Thraustochytrium aureum ATCC 34304-derived
ubiquitin promoter, Saprolegnia diclina-derived? w3 desatu-
rase gene sequence, and Thraustochytrium aureum ATCC
34304-derived ubiquitin terminator.

FIG. 45 represents the plasmid containing a Kpnl site
replacing one of the Bglll sites in the blasticidin-resistant
gene Bglll cassette of FIG. 33.

FIG. 46 represents a produced Saprolegnia diclina-derived
w3 desaturase gene expression plasmid. The plasmid has a
blasticidin-resistant gene as a drug-resistance marker.

FIG. 47 is a schematic view representing the positions of
the PCR primers used for the confirmation of the genome
insertion of the Saprolegria diclina-derived w3 desaturase
gene.

FIG. 48 represents the evaluation of the transfectant strain
derived from the Thraustochytrium aureum ATCC 34304
PKS pathway (orfA gene) disrupted strain. [Description of
Reference Numerals] lanes 1 to 2: transfectants.

FIG. 49 represents the results of the comparison of the fatty
acid compositions of the control Thraustochytrium aureum
ATCC 34304 PKS pathway (orfA gene) disrupted strain and
the w3 desaturase gene introduced strain. Blank bar and solid
bar indicate the fatty acid compositions of the control strain
and the w3 desaturase gene introduced strain, respectively.
All values are given as mean valuetstandard deviation.

FIG. 50 represents the proportions of the fatty acids of the
w3 desaturase gene introduced strain relative to the Thraus-
tochytrium aureum ATCC 34304 PKS pathway (orfA gene)
disrupted strain taken as 100%.

FIG. 51 is a diagram representing a pRHS59 cloning the
sequence containing the Thraustochytrium aureum ATCC
34304-derived C20 elongase.

FIG. 52 is a diagram representing a pRH64 cloning the
sequence containing a Bglll site in the Thraustochytrium
aureum ATCC 34304-derived C20 elongase.

FIG. 53 is a diagram representing a pRH65 containing a
ubiquitin promoter-, neomycin-resistant gene-, and SV40 ter-
minator-containing sequence cloned into the T7hraus-
tochytrium aureum ATCC 34304-derived C20 elongase, and
a pRH66 containing a ubiquitin promoter-, hygromycin-re-
sistant gene-, and SV 40 terminator-containing sequence
cloned into the Thraustochytrium aureum ATCC 34304-de-
rived C20 elongase.

FIG. 54 represents the expected fragment sizes of the wild-
type strain allele and knockout strains in a PCR.

FIG. 55 represents the detection results for the wild-type
strain allele and knockout strains in a PCR.

FIG. 56 represents the fatty acid compositions of the wild-
type strain and the C20 elongase knockout strain. Blank bar
and solid bar indicate the fatty acid compositions of the wild-
type strain and the strain, respectively.

FIG. 57 represents the result of the comparison of the fatty
acid compositions of the wild-type strain and the knockout
strain.

FIG. 58 represents a plasmid containing a sequence from
1,071 bp upstream of the A4 desaturase gene to 1,500 bp
within the A4 desaturase gene of the cloned Thraustochytrium
aureum ATCC 34304 strain.

FIG. 59 represents a plasmid containing a Bglll site
inserted into the deleted portion of the plasmid of FIG. 58
containing the 60 bp upstream of the A4 desaturase gene and
the 556-bp sequence containing the start codon within the A4
desaturase gene (616 bp, SEQ ID NO: 205).
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FIG. 60 represents produced Thraustochytrium aureum
ATCC 34304 strain A4 desaturase gene targeting vectors (two
vectors). The vectors have a blasticidin resistant gene (pTM6)
or an enhanced GFP-zeocin-resistant fused gene (pTMS8) as a
drug-resistance marker.

FIG. 61 is a schematic view representing the positions of
the PCR primers used for the identification of the A4 desatu-
rase gene disrupted strain of the Thraustochytrium aureum
ATCC 34304 PKS pathway (orfA gene) disrupted strain, and
the expected product.

FIG. 62 represents the evaluation of A4 desaturase gene
disruption performed by a PCR using the genomic DNA of
the Thraustochytrium aureum ATCC 34304 strain as a tem-
plate. [Description of Reference Numerals|+/+: Thraus-
tochytrium aureum ATCC 34304-derived PKS pathway
(orfA gene) disrupted strain; +/—: A4 desaturase gene first
allele homologous recombinant derived from Thraus-
tochytrium aureum ATCC 34304-derived PKS pathway
(orfA gene) disrupted strain; —/-: Thraustochytrium aureum
ATCC 34304-derived PKS pathway (orfA gene) and A4
desaturase gene double disrupted strain.

FIG. 63 represents the result of the comparison of the fatty
acid compositions of the Thraustochytrium aureum ATCC
34304 wild-type strain, and the PKS pathway (orfA gene)and
A4 desaturase gene double disrupted strain. Blank bar and
solid bar indicate the fatty acid compositions of the wild-type
strain and the gene disrupted strain, respectively.

FIG. 64 represents the proportions of the fatty acids of the
PKS pathway (orfA gene) and A4 desaturase gene double
disrupted strain relative to the Thraustochytrium aureum
ATCC 34304 wild-type strain taken as 100%.

FIG. 65 represents the evaluation of C20 elongase gene
disruption performed by a PCR using the genomic DNA of
the Parietichytrium sp. SEK358 strain as a template. [De-
scription of Reference Numerals|+/+: Parietichytrium sp.
SEK358 wild-type strain; —/—: Parietichytrium sp. SEK358
strain-derived C20 elongase gene disrupted strain.

FIG. 66 represents the result of the comparison of the fatty
acid compositions of the Parietichytrium sp. SEK358 wild-
type strain, and the Parietichytrium sp. SEK358 strain-de-
rived C20 elongase gene disrupted strain. Blank bar and solid
bar indicate the fatty acid compositions of the wild-type strain
and the gene disrupted strain, respectively.

FIG. 67 represents the proportions of the fatty acid com-
positions of the Parietichytrium sp. SEK358 strain-derived
C20 elongase gene disrupted strain relative to the Pariet-
ichytrium sp. SEK358 wild-type strain taken as 100%. The
diagonal line indicates that the fatty acid produced by the
Parietichytrium sp. SEK358 wild-type strain is below the
detection limit.

FIG. 68 represents the evaluation of C20 elongase gene
disruption performed by a PCR using the genomic DNA of
the Parietichytrium sp. SEK571 strain as a template. [De-
scription of Reference Numerals|+/+: Parietichytrium sp.
SEKS571 wild-type strain; —/-: Parietichytrium sp. SEK571
strain-derived C20 elongase gene disrupted strain.

FIG. 69 represents the result of the comparison of the fatty
acid compositions of the Parietichytrium sp. SEKS571wild-
type strain, and the Parietichytrium sp. SEK571 strain-de-
rived C20 elongase gene disrupted strain. Blank bar and solid
bar indicate the fatty acid compositions of the wild-type strain
and the gene disrupted strain, respectively.

FIG. 70 represents the proportions of the fatty acids of the
Parietichytrium sp. SEK571 strain-derived C20 elongase
gene disrupted strain relative to the Parietichytrium sp.
SEKS571 wild-type strain taken as 100%.
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FIG. 71 represents the multiple alignment of TA12d with
the putative amino acid sequences of the Al12 desaturase
genes derived from Thalassiosira pseudonana, Micromonas
sp, and Phaeodactylum tricornutum. [Description of Refer-
ence Numerals] Underlined portion: histidine box.

FIG. 72 represents a GC analysis chart for the TA12d
overexpressing strain of the budding yeast Sacchromyces cer-
evisiae, and the proportions of fatty acid compositions.

FIG. 73 is a diagram representing a TA12d KO targeting
vector construction scheme.

FIG. 74 represents a scheme for the preparation of a
homologous recombination fragment for efficiently obtain-
ing a homologous recombinant by a split marker method.

FIG. 75 represents the result of the amplification of the
hygromycin-resistant gene, blasticidin-resistant gene, and
TA12d gene by a PCR performed by using the genomic DNAs
of the wild-type strain, the TA12d first allele disrupted strain,
and the TA12d disrupted strain (two alleles are disrupted).
[Description of Reference Numerals] M: AHindIII digest/
(¢X174 Hincll digest; W: wild-type; S1 to S3: 1st allele
knock-out strain; D1 to D3: 2nd allele knock-out strain.

FIG. 76 represents the result of the mRNA detection of the
hygromycin-resistant gene, blasticidin-resistant gene, and
TA12d gene by a RT-PCR for the wild-type strain, the TA12d
first allele disrupted strain, and the TA12d disrupted strain.
[Description of Reference Numerals] M: AHindIII digest/
$X174 Hincll digest; W: wild-type; S1 to S3: 1st allele
knock-out strain; D1 to D3: 2nd allele knock-out strain.

FIG. 77 represents the result of the southern blotting per-
formed for the wild-type strain, the TA12d first allele dis-
rupted strain, and the TA12d disrupted strain.

FIG. 78 represents the result of the growth rate comparison
by the measurements of OD600 and dry cell weight for the
wild-type strain, the TA12d first allele disrupted strain, and
the TA12d disrupted strain.

FIG. 79 represents the proportions of the fatty acid com-
positions of the wild-type strain, the TA12d first allele dis-
rupted strain, and the TA12d disrupted strain. [Description of
Reference Numerals] Asterisk: significant difference at
p<0.01 (n=3).

FIG. 80 represents the fatty acid level per dry cell in the
wild-type strain, the TA12d first allele disrupted strain, and
the TA12d disrupted strain. [Description of Reference
Numerals] Asterisk: significant difference at p<0.01 (n=3).

FIG. 81 represents a plasmid containing a BamHI site
inserted through modification of the Thraustochytrium
aureum C20 elongase gene targeting vector (pRH43) of FIG.
39 with a blasticidin-resistant gene.

FIG. 82 represents a plasmid containing a Kpnl site
inserted through modification of the plasmid of FIG. 81.

FIG. 83 represents a produced Thraustochytrium aureum
C20 elongase gene targeting and Saprolegnia diclina-derived
3 desaturase expression vector. The vector has a blasticidin-
resistant gene as a drug-resistance marker.

FIG. 84 is a schematic view representing the positions of
the southern hybridization analysis probes used for the iden-
tification of the C20 elongase gene disrupted and Saprolegnia
diclina-derived ®3 desaturase expressing strain of the
Thraustochytrium aureum PKS pathway (orfA gene) dis-
rupted strain, and the expected gene fragment sizes.

FIG. 85 represents the evaluation of the C20 elongase gene
disrupted and Saprolegnia diclina-derived ®w3 desaturase
expressing strain by southern hybridization using the 7hraus-
tochytrium aureum ATCC 34304 genomic DNA. [Descrip-
tion of Reference Numerals] PKSKO: Thraustochytrium
aureum ATCC 34304-derived PKS pathway (orfA gene) dis-
rupted strain; +/-: C20 elongase gene first allele homologous
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recombinant of the Thraustochytrium aureum ATCC 34304-
derived PKS pathway (orfA gene) disrupted strain; —/-:
Thraustochytrium aureum-derived PKS pathway (orfA gene)
and C20 elongase gene double disrupted and Saprolegria
diclina-derived w3 desaturase expressing strain.

FIG. 86 represents the result of the comparison of the fatty
acid compositions of the Thraustochytrium aureum ATCC
34304 wild-type strain, and the PKS pathway (orfA gene)and
C20 elongase gene double disrupted and Saprolegnia diclina-
derived w3 desaturase expressing strain. Blank bar and solid
bar indicate the fatty acid compositions of the wild-type strain
and the gene disrupted strain, respectively.

FIG. 87 represents the proportions of the fatty acids of the
PKS pathway (orfA gene) and C20 elongase gene double
disrupted and Saprolegnia diclina-derived w3 desaturase
expressing strain relative to the Thraustochytrium aureum
ATCC 34304 wild-type strain taken as 100%.

FIG. 88 represents a base plasmid used for Saprolegnria
diclina-derived w3 desaturase expression vector production.

FIG. 89 represents a plasmid containing a Saprolegnria
diclina-derived ®3 desaturase expression Kpnl cassette
inserted into the plasmid of FIG. 88.

FIG. 90 represents a Saprolegnia diclina-derived ®3
desaturase expression vector produced by inserting a hygro-
mycin-resistant gene as a drug-resistance marker into the
plasmid of FIG. 89.

FIG. 91 is a schematic view representing the positions of
the PCR primers used for the confirmation of the genome
insertion of the Saprolegnia diclina-derived w3 desaturase
gene.

FIG. 92 represents the evaluation of the Parietichytrium sp.
SEKS571 C20 elongase gene disrupted strain-derived trans-
fectant strain. [Description of Reference Numerals] Lanes 1
to 2: transfectants

FIG. 93 represents the result of the comparison of the fatty
acid compositions of the Parietichytrium sp. SEK571 wild-
type strain, and the C20 elongase gene disrupted and Sapro-
legnia diclina-derived w3 desaturase expressing strain. Blank
bar and solid bar indicate the fatty acid compositions of the
wild-type strain and the transfectant strain, respectively.

FIG. 94 represents the proportions of the fatty acids of the
C20 elongase gene disrupted and Saprolegnia diclina-derived
w3 desaturase expressing strain relative to the Pariet-
ichytrium sp. SEK571wild-type strain taken as 100%.

FIG. 95 is a diagram representing a pRH70 cloning a
sequence containing a Schizochytrium-derived C20 elongase
gene.

FIG. 96 is a diagram representing a pRH71 cloning a
sequence containing a Bglll site within the Schizochytrium-
derived C20 elongase.

FIG. 97 is a diagram representing a pRH73 cloning a
sequence containing a ubiquitin promoter, a neomycin-resis-
tant gene, and an SV40 terminator within the Schizochytrium-
derived C20 elongase, and a pKS-SKO cloning a sequence
containing a ubiquitin promoter, a hygromycin-resistant
gene, and an SV40 terminator within the Schizochytrium-
derived C20 elongase.

FIG. 98 represents the expected fragment sizes of the wild-
type strain allele and the knockout strains in a PCR.

FIG. 99 represents the PCR detection result for the wild-
type strain allele and the knockout strain.

FIG. 100 represents the fatty acid compositions of the
wild-type strain and the C20 elongase knockout strain. Blank
bar and solid bar indicate the fatty acid compositions of the
wild-type strain and the strain, respectively.
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FIG. 101 represents the result of the comparison of the fatty
acid compositions of the wild-type strain and the knockout
strain.

MODE FOR CARRYING OUT THE INVENTION

The recent studies of the physiological activity and the
pharmacological effects of lipids have elucidated the conver-
sion of unsaturated fatty acids into various chemical sub-
stances, and the roles of unsaturated fatty acids in the unsat-
urated fatty acid metabolism. Particularly considered
important in relation to disease is the nutritionally preferred
proportions of saturated fatty acids, monounsaturated fatty
acids, and unsaturated fatty acids, and the proportions of fish
oil-derived w3 series (also known as the n-3 series) fatty acids
such as eicosapentaenoic acid and docosahexaenoic acid, and
plant-derived w6 series (also known as the n-6 series) fatty
acids as represented by linoleic acid. Because animals are
deficient in fatty acid desaturases (desaturases) or have low
levels of fatty acid desaturases, some unsaturated fatty acids
need to be ingested with food. Such fatty acids are called
essential fatty acids (or vitamin F), which include linoleic
acid (LA), y-linolenic acid (GLA), and arachidonic acid (AA
or ARA).

Unsaturated fatty acid production involves enzymes called
fatty acid desaturases (desaturases). The fatty acid desatu-
rases (desaturases) are classified into two types: (1) those
creating a double bond (also called an unsaturated bond) at a
fixed position from the carbonyl group of a fatty acid (for
example, A9 desaturase creates a double bond at the 9th
position as counted from the carbonyl side), and (2) those
creating a double bond at a specific position from the methyl
end of a fatty acid (for example, w3 desaturase creates a
double bond at the 3rd position as counted from the methyl
end). It is known that the biosynthesis of unsaturated fatty
acid involves the creation of a double bond by the desaturase
(unsaturation), and the repeated elongation of the chain
length by several different elongases. For example, A9
desaturase synthesizes oleic acid (OA) by unsaturating the
stearic acid either synthesized in the body from palmitic acid
or ingested directly from the outside of the body. A6, A5, and
A4 desaturases are fatty acid desaturases (desaturases) essen-
tial for the syntheses of polyunsaturated fatty acids such as
arachidonic acid (AA), eicosapentaenoic acid (EPA), and
docosahexaenoic acid (DHA).

The Labyrinthulomycetes, a member of stramenopile, has
two families: Thraustochytrium (Thraustochytriaceae) and
Labyrinthulaceae. These microorganisms are known to accu-
mulate polyunsaturated fatty acids such as arachidonic acid,
EPA, DTA, DPA, and DHA.

The present invention is concerned with a stramenopile
transformation method whereby stramenopile genes are dis-
rupted and/or expression thereof is inhibited by genetic engi-
neering. Specifically, the present invention developed and
provides a transformation method for disrupting genes asso-
ciated with fatty acid biosynthesis and/or inhibiting expres-
sion thereof, a method for modifying the fatty acid composi-
tion of a stramenopile with the use of the transformation
method, a method for highly accumulating fatty acids in a
stramenopile, a stramenopile having an enhanced unsaturated
fatty acid content, and a method for producing unsaturated
fatty acid from the unsaturated fatty acid content-enhanced
stramenopile.

The present invention includes manipulating the enzymes
of the stramenopile elongase/desaturase pathway to change
the fatty acid composition produced by a stramenopile. Spe-
cifically, the present invention enables modification of the
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fatty acid composition produced by stramenopile through (1)
disruption of a fatty acid chain elongase gene and/or inhibi-
tion of expression thereof, (2) disruption of a polyketide
synthase gene and/or inhibition of expression thereof, (3)
disruption of a fatty acid desaturase and/or inhibition of
expression thereof, (3) disruption of two of or all of a
polyketide synthase gene, a fatty acid chain elongase gene,
and a fatty acid desaturase and/or inhibition of expression
thereof, (4) disruption of a fatty acid chain elongase gene
and/or inhibition of expression thereof, and introduction of a
fatty acid desaturase gene, (5) disruption of a polyketide
synthase gene and/or inhibition of expression thereof, and
introduction of a fatty acid desaturase gene, (6) disruption of
a fatty acid desaturase and/or inhibition of expression thereof,
and introduction of a fatty acid desaturase gene, (6) disruption
of two of or all of a polyketide synthase gene, a fatty acid
chain elongase gene, and a fatty acid desaturase and/or inhi-
bition of expression thereof, and introduction of a fatty acid
desaturase gene.

The present invention is described below in more detail.
[Microorganism]

The microorganisms used in the fatty acid modification
method of the present invention are not particularly limited,
as long as the microorganisms are stramenopiles considered
to undergo modification of the fatty acid composition through
disruption of genes associated with fatty acid biosynthesis
and/or inhibition of expression thereof. Particularly preferred
microorganisms are those belonging to the class Labyrinthu-
lomycetes. Examples of the Labyrinthulomycetes include
those of the genus Labyrinthula, Althornia, Aplanochytrium,
Japonochytrium, Labyrinthuloides, Schizochytrium, Thraus-
tochytrium, Ulkenia, Aurantiochytrium, Oblongichytrium,
Botryochytrium, Parietichytrium, and Sicyoidochytrium.

Of note, Labyrinthuloides and Aplanochytrium are
regarded as being synonymous among some scholars (Lean-
der, Celeste A. & David Porter, Mycotaxon, vol. 76, 439-444
(2000)).

The Labyrinthulomycetes used in the present invention are
preferably microorganisms belonging to the genus 7hraus-
tochytrium and the genus Parietichytrium, particularly pref-
erably Thraustochytrium aureum, Parietichytrium sarkari-
anum, and Thraustochytrium roseum. Specific examples
include strains of Thraustochytrium aureum ATCC 34304,
Parietichytrium sarkarianum SEK 364 (FERM BP-11298),
Thraustochytrium roseum ATCC 28210, Parietichytrium sp.
SEK358 (FERM BP-11405), and Parietichytrium sp.
SEKS571 (FERM BP-11406). Thraustochytrium aureum
ATCC 34304 and Thraustochytrium roseum ATCC 28210 are
deposited at the ATCC, and are commonly available. The
Parietichytrium sarkarianum SEK364 strain was obtained
from the surface water collected at the mouth of fukidougawa
on Ishigakijima. The water (10 ml) was placed in a test tube,
and left unattended at room temperature after adding pine
pollens. After 7 days, the pine pollens were applied to a sterile
agarmedium (2 g glucose, 1 gpeptone, 0.5 g yeast extract, 0.2
g chloramphenicol, 15 g agar, distilled water 100 mL, sea
water 900 mL). Colonies appearing after 5 days were isolated
and cultured. This was repeated several times to isolate the
cells. This strain has been internationally deposited, and is
available from The National Institute of Advanced Industrial
Science and Technology, International Patent Organism
Depositary (Tsukuba Center, Chuou Dairoku, 1-1-1, Higashi,
Tsukuba-shi, Ibaraki) (accession number: FERM BP-11298;
Sep. 24, 2010). The Parietichytrium sp. SEK358 strain was
isolated from the cells cultured as above from the sea water
sample collected at the mouth of Miyaragawa on Ishigak-
ijima. This strain has been internationally deposited, and is
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available from The National Institute of Advanced Industrial
Science and Technology, International Patent Organism
Depositary (Tsukuba Center, Chuou Dairoku, 1-1-1, Higashi,
Tsukuba-shi, Ibaraki) (accession number: FERM BP-11405;
Aug. 11, 2011). The Parietichytrium sp. SEK571 strain was
isolated from the cells cultured as above from the sea water
sample collected at the mouth of Shiiragawa on Iriomotejima.
This strain has been internationally deposited, and is avail-
able from The National Institute of Advanced Industrial Sci-
ence and Technology, International Patent Organism Deposi-
tary (Tsukuba Center, Chuou Dairoku, 1-1-1, Higashi,
Tsukuba-shi, Ibaraki) (accession number: FERM BP-11406;
Aug. 11, 2011). The Schizochytrium sp. TY12Ab strain was
isolated from the cells cultured as above from the dead leaves
collected on the coast of Tarnegashima. This strain has been
internationally deposited, and is available from The National
Institute of Advanced Industrial Science and Technology,
International Patent Organism Depositary (Tsukuba Center,
Chuou Dairoku, 1-1-1, Higashi, Tsukuba-shi, Ibaraki) (ac-
cession number: FERM ABP-11421; Sep. 29, 2011). Then,
the RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
(FERM BP-11421)was issued by International Patent Organ-
ism Depositary on Nov. 30, 2011.

[Genes Associated with Fatty Acid Biosynthesis]

In the present invention, the genes associated with fatty
acid biosynthesis are not particularly limited, as long as the
genes are genes of enzymes associated with the fatty acid
biosynthesis in stramenopile, particularly the Labyrinthulo-
mycetes. Examples of such genes include polyketide syn-
thase gene, fatty acid chain elongase gene, and fatty acid
desaturase gene. In the present invention, one of or both of
these genes are subject to the disruption or inhibition of
expression by genetic engineering. Here, the target of the
gene disruption and/or inhibition of expression is, for
example, the open reading frame, when, for example, the fatty
acid produced by the polyketide synthase in a stramenopile is
not the desired fatty acid. In the case of the fatty acid chain
elongase, the target is the gene associated with an enzyme that
converts the desired fatty acid into an other fatty acid. For
example, when eicosapentaenoic acid (EPA) is the desired
product, the gene of the fatty acid chain elongase associated
with the conversion of eicosapentaenoic acid into docosap-
entaenoic acid (DPA), specifically C20 elongase gene may be
disrupted and/or expression thereof may be inhibited. In the
case of the fatty acid desaturase, the target is the gene asso-
ciated with the enzyme that converts the desired fatty acid into
another fatty acid. For example, when oleic acid is the desired
product, the gene of the fatty acid desaturase associated with
the conversion of oleic acid into linoleic acid, specifically A12
desaturase gene may be disrupted and/or expression thereof
may be inhibited. Further, two of or all of the polyketide
synthase gene, the fatty acid chain elongase gene, and the
fatty acid desaturase may be disrupted and/or expression
thereof may be inhibited according to the desired fatty acid.

Further, a gene associated with fatty acid biosynthesis may
be introduced into a transfectant strain produced by disrupt-
ing a gene and/or inhibiting expression thereof by genetic
engineering as above. Here, the introduced gene is a gene
associated with the enzyme that performs biosynthesis of the
desired fatty acid. For example, when eicosapentaenoic acid
is the desired product, a gene of the fatty acid desaturase that
converts arachidonic acid (AA) into eicosapentaenoic acid,
specifically w3 desaturase gene may be introduced.
[Polyketide Synthase and Fatty Acid Chain Elongase]

Polyketide synthase (PKS) is an enzyme that catalyzes the
multiple condensation reactions of a starter substrate (acetyl-
CoA, fatty acid CoA ester, benzoyl CoA, coumaroyl CoA)
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with an extender substrate (such as malonyl CoA), and the
enzyme is generally known to be involved in the biosyntheses
of secondary metabolites in organisms such as plants and
fungi. Involvement in the biosynthesis of polyunsaturated
fatty acid is also reported in some species of organisms. For
example, the marine bacteria Shewanella produce eicosapen-
taenoic acid (EPA) with this enzyme (Non-Patent Document
8). In some species of stramenopile, the polyketide synthase
is known to be involved in the biosynthesis of polyunsatu-
rated fatty acid, and the gene sequence has been elucidated in
the Labyrinthulomycetes. For example, as described in Patent
Document 7, the polyketide synthase gene of the genus
Schizochytrium of Labyrinthula has three open reading
frames, OrfA, OrfB, and OrfC. Further, as described in Patent
Document 8, the polyketide synthase gene of the genus Ulk-
enia of Labyrinthula is considered to have three open reading
frames.

The fatty acid chain elongase of the present invention is not
particularly limited, as long as it extends the chain length of a
fatty acid. Preferred examples include C18 elongase gene,
and C20 elongase gene. The C18 elongase gene and the C20
elongase gene extend fatty acids of 18 and 20 carbon atoms,
respectively, in two-carbon units to produce fatty acids of 20
and 22 carbon atoms. These fatty acid chain elongases are
found in a wide range of organisms, including stramenopiles,
and in, for example, the genus Thraustochytrium of Labyrin-
thulomycetes, as reported in Non-Patent Document 9. The
C18 elongase catalyzes the conversion of y-linolenic acid
(GLA) to dihomo-y-linolenic acid (DGLA), and the conver-
sion of stearidonic acid (STA) into eicosatetraenoic acid
(ETA). The C20 elongase catalyzes the conversion of arachi-
donic acid (AA) into docosatetraenoic acid (DTA), and the
conversion of eicosapentaenoic acid (EPA) into n-3 docosa-
pentaenoic acid (DPA, 22:5n-3).

It follows from this that when the desired product is, for
example, stearidonic acid (STA), a gene of the fatty acid chain
elongase associated with the conversion of stearidonic acid
into eicosatetraenoic acid (ETA), specifically C18 elongase
gene may be disrupted and/or expression thereof may be
inhibited. When the desired product is, for example, eicosa-
pentaenoic acid (EPA), a gene of the fatty acid chain elongase
associated with the conversion of the eicosapentaenoic acid
into docosapentaenoic acid (DPA), specifically C20 elongase
gene may be disrupted and/or expression thereof may be
inhibited. Further, when the fatty acid biosynthesized with the
polyketide synthase in a stramenopile is not the desired fatty
acid, the polyketide synthase gene may be disrupted and/or
expression thereof may be inhibited. As reported in Non-
Patent Document 5, a strain of the genus Schizochytrium of
Labyrinthula loses the ability to biosynthesize docosa-
hexaenoic acid after the disruption of the polyketide synthase
gene, and cannot grow in media unless supplemented with
polyunsaturated fatty acid. In the present invention, however,
some species of Labyrinthula, even with the disrupted
polyketide synthase gene, are able to grow in media without
adding polyunsaturated fatty acid, and the desired polyun-
saturated fatty acid can thus be obtained by disrupting the
gene or inhibiting gene expression in the manner described
above.

[Fatty Acid Desaturase]

The fatty acid desaturase (desaturase) of the present inven-
tion is not particularly limited, as long as it functions as a fatty
acid desaturase. The origin of the fatty acid desaturase gene is
not particularly limited, and may be, for example, animals
and plants. Examples of the preferred fatty acid desaturase
genes include A4 desaturase gene, AS desaturase gene, A6
desaturase gene, Al12 desaturase gene, and ®w3 desaturase
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gene, and these may be used either alone or in combination.
The A4 desaturase gene, AS desaturase gene, A6 desaturase
gene, and A12 desaturase gene form an unsaturated bond at
carbon 4, 5, 6, and 12, respectively, as counted from the
carbon atom of the terminal carboxyl group (delta end) of the
fatty acid. A specific example of these fatty acid desaturase
genes is the microalgae-derived A4 desaturase gene (Non-
Patent Document 6). Specific examples of AS desaturase
include 7. aureum-derived A5 desaturase, and A5 desaturases
derived from Thraustochytrium sp. ATCC 26185, Dictyoste-
lium discoideum, Rattus norvegicus, Mus musculus, Homo
sapiens, Caenorhabditis elegans, and Leishmania major.
Examples of A12 desaturase include Pinguiochrysis pyrifor-
mis-derived A12 desaturase, and fungus- and protozoa-de-
rived A12 desaturases. The w3 desaturase forms a double
bond at the third position as counted from the methyl terminal
of'the fatty acid carbon chain. Examples include Saprolegnia-
derived w3 desaturase (Non-Patent Document 10). The AS
desaturase catalyzes, for example, the conversion of dihomo-
y-linolenic acid (DGLA) to arachidonic acid (AA), and the
conversion of eicosatetraenoic acid (ETA) to eicosapen-
taenoic acid (EPA). A6 desaturase catalyzes, for example, the
conversion of linoleic acid (LA) to y-linolenic acid (GLA),
and the conversion of a-linolenic acid (ALA) to stearidonic
acid (STA). The w3 desaturase catalyzes the conversion of
arachidonic acid to eicosapentaenoic acid. Linoleic acid (LA)
is produced from oleic acid (OA) by the action of A12 desatu-
rase.

[Product Unsaturated Fatty Acid]

The unsaturated fatty acid produced by the fatty acid
desaturase expressed in a stramenopile is, for example, an
unsaturated fatty acid of 18 to 22 carbon atoms. Preferred
examples include docosahexaenoic acid (DHA) and eicosa-
pentaenoic acid (EPA), though the preferred unsaturated fatty
acids vary depending on the types of the fatty acid desaturase
and the fatty acid substrate used. Other examples include
a-linolenic acid (ALA), octadecatetraenoic acid (OTA,
18:4n-3), eicosatetraenoic acid (ETA, 20:4n-3), n-3 docosa-
pentaenoic acid (DPA, 22:5n-3), tetracosapentaenoic acid
(TPA, 24:5n-3), tetracosahexaenoic acid (THA, 24:6n-3),
linoleic acid (LA), y-linolenic acid (GLA), eicosatrienoic
acid (20:3n-6), arachidonic acid (AA), and n-6 docosapen-
taenoic acid (DPA, 22:5n-6).

[Gene Source of Enzyme Associated with Fatty Acid Biosyn-
thesis]

The organisms that can be used as the gene sources of the
polyketide synthase, fatty acid chain elongase, and/or fatty
acid desaturase in the present invention are not limited to
particular genuses, species, or strains, and may be any organ-
isms having an ability to produce polyunsaturated fatty acids.
For example, in the case of microorganisms, such organisms
are readily available from microorganism depositary authori-
ties. Examples of such microorganisms include the bacteria
Moritella marina MP-1 strain (ATCC15381) of the genus
Moritella. The following describes a method using this strain
as an example of desaturase and elongase gene sources. The
method, however, is also applicable to the isolation of the
constituent desaturase and elongase genes from all biological
species having the desaturase/elongase pathway.

Isolation of the desaturase and/or elongase gene from the
MP-1 strain requires estimation of a conserved region in the
amino acid sequence of the target enzyme gene. For example,
in desaturase, it is known that a single cytochrome b5 domain
and three histidine boxes are conserved across biological
species, and that elongase has two conserved histidine boxes
across biological species. More specifically, the conserved
region of the target enzyme can be estimated by the multiple
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alignment comparison of the known amino acid sequences of
the desaturase or elongase genes derived from various bio-
logical species using the clustal w program (Non-Patent
Document 7). It is also possible to estimate conserved regions
specific to desaturase and/or elongase having the same sub-
strate specificity by the multiple alignment comparison of the
amino acid sequences of desaturase or elongase genes having
the same substrate specificity in the desaturase and/or elon-
gase derived from known other organisms. Various degener-
ate oligonucleotide primers are then produced based on the
estimated conserved regions, and the partial sequence of the
target gene derived from the MP-1 strain is amplified using an
MP-1 strain-derived ¢cDNA library as a template, by using
methods such as PCR and RACE. The resulting amplification
product is cloned into a plasmid vector, and the base sequence
is determined using an ordinary method. The sequence is then
compared with a known enzyme gene to confirm isolation of
a part of the target enzyme gene from the MP-1 strain. The
full-length target enzyme gene can be obtained by hybridiza-
tion screening using the obtained partial sequence as a probe,
or by the RACE technique using the oligonucleotide primers
produced from the partial sequence of the target gene.

The polyketide synthase can be cloned by using an ordi-
nary method, using the PUFA PKS sequence of Patent Docu-
ment 7 as a reference.

[Other Gene Sources]

Reference should be made to Non-Patent Document 11 or
12 for GFP (Green Fluorescent Protein), Patent Document 6
for EGFP (enhanced GFP), and Non-Patent Document 13 for
neomycin-resistant gene.

[ Disruption of Gene Associated with Fatty Acid Biosynthesis
in Stramenopile]

The stramenopile gene associated with fatty acid biosyn-
thesis may be disrupted by using conventional gene disrup-
tion methods used for microorganisms. An example of such a
method is the transformation introducing a recombinant
expression vector into a cell.

For example, for the disruption of a Thraustochytrium
aureum gene, genomic DNA is extracted from a Thraus-
tochytrium aureum by using an ordinary method, and a
genome library is created. Then, genome walking primers are
set using the DNA sequence of the target gene to be disrupted,
and a PCR is run using the produced genome library as a
template to obtain the upstream and downstream sequences of
the target gene of Thraustochytrium aureum. These
sequences are flanked on both sides to provide homologous
recombination regions for gene disruption, and a drug marker
gene is inserted therebetween for selection. The DNA is then
linearized, and introduced into a Thraustochytrium aureum
using a gene-gun technique, and the cells are cultured for
about 1 week on a drug-containing plate. By using an ordi-
nary method, genomic DNA is extracted from cells that have
acquired drug resistance, and strains that underwent homolo-
gous recombination are identified by PCR or southern hybrid-
ization. Because the Thraustochytrium aureum is a diploid,
the procedures from the introduction of the linearized DNA
into the cells using a gene-gun technique to the identification
othomologous recombinant strains are repeated twice. In this
way, a Thraustochytrium aureum with the disrupted target
gene can be obtained. When two or more target genes are
present, a strain with the disrupted multiple target genes can
be obtained by repeating the foregoing procedures. Here,
because the Thraustochytrium aureum is a diploid, two selec-
tion markers need to be prepared for each gene.

For the disruption of, for example, the C20 elongase of
Parietichytrium sarkarianum, genomic DNA is extracted
from a Parietichytrium species by using an ordinary method,
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and the genome is decoded. Then, a search is made for a gene
sequence highly homologous to a known C20 elongase gene,
and the gene sequence is amplified by PCR from the start
codon to the stop codon. This is followed by insertion of a
restriction enzyme site at substantially the center of the gene
sequence by using a mutagenesis method, and insertion of a
drug marker gene cassette to the restriction enzyme site for
selection. The DNA is linearized, and introduced into a Pari-
etichytrium sarkarianum SEK364 using a gene-gun tech-
nique. The cells are then cultured for about 1 week on a
drug-containing plate. By using an ordinary method, genomic
DNA is extracted from cells that have acquired drug resis-
tance, and strains that underwent homologous recombination
are identified by PCR. Because the Parietichytrium sarkari-
anum SEK364 is a diploid, the procedures from the introduc-
tion of the linearized DNA into the cells using a gene-gun
technique to the identification of the homologous recombi-
nant strains are repeated twice. In this way, a Parietichytrium
sarkarianum SEK364 with the disrupted C20 elongase gene
can be obtained. Here, because the Parietichytrium sarkari-
anum SEK364 is a diploid, two selection markers need to be
prepared. For the disruption of, for example, the A4 desatu-
rase of a Thraustochytrium aureum ATCC 34304-derived
OrfA disrupted strain, genomic DNA is extracted from a
Thraustochytrium aureum ATCC 34304 by using an ordinary
method, and the genome is decoded. Then, a search is made
for a gene sequence highly homologous to a known A4
desaturase, and the gene sequence is amplified by PCR from
the upstream region to a region in the vicinity of the stop
codon. By using a mutagenesis method, a restriction enzyme
site is inserted at the same time as deleting a part of the ORF
containing the start codon, and a drug marker gene cassette is
inserted to the restriction enzyme site for selection. The DNA
is linearized, and introduced into a Thraustochytrium aureum
ATCC 34304-derived OrfA disrupted strain by using a gene-
gun technique. The cells are then cultured for about 1 week on
a drug-containing plate. By using an ordinary method,
genomic DNA is extracted from cells that have acquired drug
resistance, and strains that underwent homologous recombi-
nation are identified by PCR. Because the Thraustochytrium
aureum ATCC 34304 is a diploid, the procedures from the
introduction of the linearized DNA using a gene-gun tech-
nique to the identification of homologous recombinant strains
are repeated twice. In this way, a Thraustochytrium aureum
ATCC 34304-derived OrfA disrupted strain with the dis-
rupted A4 desaturase gene can be obtained. Here, because the
Thraustochytrium aureum ATCC 34304 is a diploid, two
selection markers need to be prepared.

The C20 elongase gene sequence of Thraustochytrium
aureum was used for disrupting the C20 elongase of Thraus-
tochytrium roseum. Genomic DNA is extracted from a
Thraustochytrium aureum by using an ordinary method, and
the C20 elongase gene is amplified from the start codon to the
stop codon by PCR. A restriction enzyme site is inserted to
substantially the center of the gene sequence by using a
mutagenesis method, and a drug marker gene cassette is
inserted to the restriction enzyme site for selection. The DNA
is linearized, and introduced into a Thraustochytrium roseum
by using a gene-gun technique. The cells are then cultured for
about 1 week on a drug-containing plate. By using an ordi-
nary method, genomic DNA is extracted from cells that have
acquired drug resistance, and strains that underwent homolo-
gous recombination are identified by PCR. Because the
Thraustochytrium roseum is a diploid, the procedures from
the introduction of the linearized DNA using a gene-gun
technique to the identification of the homologous recombi-
nant strain are repeated twice. In this way, a Thraus-
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tochytrium roseum with the disrupted C20 elongase gene can
be obtained. Here, because the Thraustochytrium roseum is a
diploid, two selection markers need to be prepared.

Details of the disruption of stramenopile genes associated
with fatty acid biosynthesis according to the present invention
will be specifically described later in Examples. The stra-
menopile subject to transformation is not particularly limited,
and those belonging to the class Labyrinthulomycetes can
preferably be used, as described above.

For example, for the disruption of the C20 elongase of the
Parietichytrium sp. SEK358 strain, the Parietichytrium C20
elongase gene targeting vector produced in Example 3-6 was
used. The DNA is linearized, and introduced into a Pariet-
ichytrium sp. SEK358 strain by using a gene-gun technique.
The cells are then cultured for about 1 week on a drug-
containing plate. By using an ordinary method, genomic
DNA is extracted from cells that have acquired drug resis-
tance, and strains that underwent homologous recombination
were identified by PCR (see Example 9). For the disruption
of, for example, the C20 elongase of the Parietichytrium sp.
SEKS571 strain, the Parietichytrium C20 elongase gene tar-
geting vector produced in Example 3-6 was used. The DNA is
linearized, and introduced into a Parietichytrium sp. SEK571
strain by using a gene-gun technique. The cells are then
cultured for about 1 week on a drug-containing plate. By
using an ordinary method, genomic DNA was extracted from
cells that had acquired drug resistance, and the homologous
recombinant strain was identified by PCR (see Example 10).

The expression vector is not particularly limited, and a
recombinant expression vector with an inserted gene may be
used. The vehicle used to produce the recombinant expres-
sion vector is not particularly limited, and, for example, a
plasmid, a phage, and a cosmid may be used. A known
method may be used for the production of the recombinant
expression vector. The vector is not limited to specific types,
and may be appropriately selected from vectors expressible in
ahost cell. Specifically, the expression vector may be one that
is produced by incorporating the gene of the present invention
into a plasmid or other vehicles with a promoter sequence
appropriately selected according to the type of the host cell
for reliable expression of the gene. The vector may be a cyclic
or a linear vector. The expression vector preferably includes
at least one selection marker. Examples of such selection
markers include auxotrophic markers, drug-resistance mark-
ers, fluorescent protein markers, and fused markers of these.
Examples of the auxotrophic markers include dihydrofolate
reductase genes. Examples of the drug-resistance markers
include neomycin-resistant genes, hygromycin-resistant
genes, blasticidin-resistant genes, and zeocin-resistant genes.
Examples of the fluorescent protein markers include GFPs,
and enhanced GFPs (EGFPs). Examples of the fused markers
include fused markers of fluorescent protein markers and
drug-resistance markers, specifically, for example, GFP-
fused zeocin-resistant genes. These selection markers allow
for confirmation of whether the polynucleotide according to
the present invention has been introduced into a host cell, or
whether the polynucleotide is reliably expressed in the host
cell. Alternatively, the fatty acid desaturase according to the
present invention may be expressed as a fused polypeptide.
For example, the fatty acid desaturase according to the
present invention may be expressed as a GFP-fused polypep-
tide, using GFP as a marker.

Preferably, electroporation or a gene gun is used as the
method of gene introduction for the gene disruption. In the
present invention, the disruption of the gene associated with
fatty acid biosynthesis changes the fatty acid composition of
the cell from that before the gene disruption. Specifically, the
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fatty acid composition is modified by the disruption of the
gene associated with fatty acid biosynthesis. A stramenopile
with the disrupted fatty acid biosynthesis-related enzyme
gene can produce the desired fatty acid in greater amounts
when further introduced with a fatty acid desaturase gene.
Preferably, an w3 desaturase gene is introduced as the fatty
acid desaturase gene.

The stramenopile transformation produces a stramenopile
(microorganism) in which the composition of the fatty acid it
produces is modified. The stramenopile with the disrupted
gene associated with fatty acid biosynthesis can be used for,
for example, the production of unsaturated fatty acids. Unsat-
urated fatty acid production is possible with the stramenopile
that has been modified to change its produced fatty acid
composition as above, and other conditions, including steps,
equipment, and instruments are not particularly limited. The
unsaturated fatty acid production includes the step of cultur-
ing a microorganism that has been modified to change its
produced fatty acid composition by the foregoing modifica-
tion method, and the microorganism is used with its medium
to produce unsaturated fatty acids.

The cell culture conditions (including medium, culture
temperature, and aeration conditions) may be appropriately
set according to such factors as the type of the cell, and the
type and amount of the unsaturated fatty acid to be produced.
As used herein, the term “unsaturated fatty acids” encom-
passes substances containing unsaturated fatty acids, and
attributes such as the content, purity, shape, and composition
are not particularly limited. Specifically, in the present inven-
tion, the cell or its medium itself having a modified fatty acid
composition may be regarded as unsaturated fatty acids. Fur-
ther, a step of purifying the unsaturated fatty acids from such
cells or media also may be included. A known method of
puritying unsaturated fatty acids and other lipids (including
conjugate lipids) may be used for the purification of the
unsaturated fatty acids.

[Method of Highly Accumulating Unsaturated Fatty Acid in
Stramenopile]

Accumulation of unsaturated fatty acids in stramenopile is
realized by culturing the transformed stramenopile of the
present invention. For example, the culture is performed
using a common solid or liquid medium. The type of medium
used is not particularly limited, as long as it is one commonly
used for culturing Labyrinthulomycetes, and that contains,
for example, a carbon source (such as glucose, fructose, sac-
charose, starch, and glycerine), a nitrogen source (such as a
yeast extract, a corn steep liquor, polypeptone, sodium
glutamate, urea, ammonium acetate, ammonium sulfate,
ammonium nitrate, ammonium chloride, and sodium nitrate),
and an inorganic salt (such as potassium phosphate) appro-
priately combined with other necessary components. Particu-
larly preferably, a yeast extract/glucose medium (GY
medium) is used. The prepared medium is adjusted to a pH of
3.01t0 8.0, and used after being sterilized with an autoclave or
the like. The culture may be performed by aerated stirred
culture, shake culture, or static culture at 10 to 40° C., pref-
erably 15 to 35° C., for 1 to 14 days.

For the collection of the produced unsaturated fatty acids,
the stramenopile is grown in a medium, and the intracellular
lipids (oil and fat contents with the polyunsaturated fatty
acids, or the polyunsaturated fatty acids) are released by
processing the microorganism cells obtained from the
medium. The lipids are then collected from the medium con-
taining the released intracellular lipids. Specifically, the cul-
tured stramenopile is collected by using a method such as
centrifugation. The cells are then disrupted, and the intracel-
Iular fatty acids are extracted using a suitable organic solvent



US 9,062,315 B2

23

according to an ordinary method. Oil and fat with the
enhanced polyunsaturated fatty acid content can be obtained
in this manner.

In the present invention, the composition of the fatty acids
produced by a stramenopile is modified by culturing a stra-
menopile transformed through disruption of genes associated
with fatty acid biosynthesis, and/or inhibition of expression
thereof, specifically disruption of the polyketide synthase, the
fatty acid chain elongase, and/or the fatty acid desaturase
gene, and/or inhibition of expression of these genes. Because
the genes associated with fatty acid biosynthesis are disrupted
and/or expression thereof is inhibited, the desired fatty acid
can be accumulated in the stramenopile without being con-
verted into other fatty acids. Further, by introducing the gene
associated with fatty acid desaturase into a stramenopile
transformed through gene disruption and/or inhibition of
gene expression, the ability to convert the precursor fatty acid
of the desired fatty acid into the desired fatty acid can be
enhanced, and the desired fatty acid is accumulated.

The unsaturated fatty acids of the present invention encom-
pass various drugs, foods, and industrial products, and the
applicable areas of the unsaturated fatty acids are not particu-
larly limited. Examples of the food containing oil and fat that
contain the unsaturated fatty acids of the present invention
include foods with health claims such as supplements, and
food additives. Examples of the industrial products include
feeds for non-human organisms, films, biodegradable plas-
tics, functional fibers, lubricants, and detergents.

The present invention is described below in more detail
based on examples. Note, however, that the present invention
is in no way limited by the following examples.

Example 1

Labyrinthulomycetes, Culture Method, and
Preservation Method

(1) Strains Used in the Present Invention

Thraustochytrium aureum ATCC 34304 and Thraus-
tochytrium roseum ATCC 28210 were obtained from ATCC.
Parietichytrium sarkarianum SEK364 (FERM BP-11298),
Parietichytrium sp. SEK358 (FERM BP-11405), and Pariet-
ichytrium sp. SEK571 (FERM BP-11406) were obtained
from Konan University, Faculty of Science and Engineering.
Schizochytrium sp. TY12Ab (FERM BP-11421) was
obtained from University of Miyazaki, Faculty of Agricul-
ture.
(2) Medium Composition
i. Agar Plate Medium Composition
PDA Agar Plate Medium

A 0.78% (w/v) potato dextrose agar medium (Nissui Phar-
maceutical Co., [td.), 1.75% (w/v) Sea Life (Marine Tech),
and 1.21% (w/v) agar powder (nacalai tesque) were mixed,
and sterilized with an autoclave at 121° C. for 20 min. After
sufficient cooling, ampicillin sodium (nacalai tesque) was
added in a final concentration of 100 pg/ml to prevent bacte-
rial contamination. The medium was dispensed onto a petri
dish, and allowed to stand on a flat surface to solidify.
ii. Liquid Medium Composition
GY Liquid Medium

3.18% (w/v) glucose (nacalai tesque), 1.06% (w/v) dry
yeast extract (nacalai tesque), and 1.75% (w/v) Sea Life (Ma-
rine Tech) were mixed, and sterilized with an autoclave at
121° C. for 20 min. Then, 100 pg/ml ampicillin sodium (na-
calai tesque) was added.
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PD Liquid Medium

0.48% (w/v) potato dextrose (Difco), and 1.75% (w/v) Sea
Life (Marine Tech) were mixed, and sterilized with an auto-
clave at 121° C. for 20 min. Then, 100 pg/ml ampicillin
sodium (nacalai tesque) was added.
(3) Culture Method
i. Agar Plate Culture

Labyrinthula cells were inoculated using a platinum loop
or a spreader, and static culture was performed at 25° C. to
produce colonies. Subcultures were produced by collecting
the colonies with a platinum loop, suspending the collected
colonies in a sterilized physiological saline, and applying the
suspension using a platinum loop or a spreader. As required,
the cells on the plate were inoculated in a liquid medium for
conversion into a liquid culture.
ii. Liquid Culture

Labyrinthula cells were inoculated, and suspension culture
was performed by stirring at 25° C., 150 rpm in an Erlenm-
eyer flask or in a test tube. Subcultures were produced by
adding a culture fluid to a new GY or PD liquid medium in a
Yhoo to Y10 volume after confirming proliferation from the
logarithmic growth phase to the stationary phase. As required,
the cell culture fluid was applied onto a PDA agar plate
medium for conversion into an agar plate culture.
(4) Maintenance and Preservation Method of Labyrinthulo-
mycetes

In addition to the subculture, cryopreservation was per-
formed by producing a glycerol stock. Specifically, glycerol
(nacalai tesque) was added in a final concentration of 15%
(v/v) to the logarithmic growth phase to stationary phase of a
cell suspension in a GY liquid medium, and the cells were
conserved in a —80° C. deep freezer.

Example 2

Disruption of Thraustochytrium aureum C20
Elongase Gene

Example 2-1

Extraction of 7. aureum ATCC 34304-Derived Total
RNA, and mRNA Purification

A T aureum ATCC 34304 culture fluid grown for 3 days
using a GY liquid medium was centrifuged at 3,500xg for 15
min, and the cells were collected. After being suspended in
sterilized physiological saline, the cells were washed by
being recentrifuged. The cells were then rapidly frozen with
liquid nitrogen, and ground into a powdery form with a mor-
tar. Total RNA was extracted from the resulting cell disrup-
tion liquid, using Sepasol-RNA I Super (nacalai tesque). This
was followed by purification of mRNA from the total RNA
using the Oligotex™-dT30 <Super> mRNA Purification Kit
(Takara Bio) according to the manufacturer’s protocol. The
resulting total RNA and the mRNA were dissolved in a suit-
able amount of TE, and electrophoresed with a formalin-
denatured gel (1% agarose/MOPS bufter). The result con-
firmed successful extraction of the total RNA, and
purification of mRNA from the total RNA. It was also con-
firmed that the RNA was not degraded by the RNase. In order
to minimize RNA degradation, all experimental procedures
were performed with sanitary equipment such as rubber
gloves and a mask. All instruments were RNase free, or were
used after a diethylpyrocarbonate (nacalai tesque) treatment
to deactivate the RNase. The solution used to dissolve the
RNA was prepared by adding the recombinant RNase inhibi-
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tor RNaseOUT™ (invitrogen) to sterilized Milli Q water
treated with diethylpyrocarbonate.

Example 2-2

Isolation of 7. aureum ATCC 34304-Derived
Elongase Gene by RACE

Forward (elo-F; 5'-TTY YIN CAY GTN TAY CAY CAY-
3" (SEQ ID NO: 1), and reverse (elo-R; 5'-GCR TGR TGR
TAN ACR TGN ARR AA-3") (SEQ ID NO: 2) denatured
oligonucleotides were synthesized, targeting the histidine
box (His box) highly conserved in elongase genes. The oli-
gonucleotides were synthesized with a DNA synthesizer (Ap-
plied Biosystems). Then, by addition of synthetic adapters to
the 3'- and 5'-ends, 3'- and 5'-RACE cDNA libraries were
produced by using the SMART™ RACE c¢DNA Amplifica-
tion Kit (clontech) according to the manufacturer’s protocol,
respectively. By using these as templates, 3'- and 5'-RACE
were performed using the synthetic adapter-specific oligo-
nucleotides, and the denatured oligonucleotides elo-F and
elo-R [PCR cycles: 94° C. 1 min/94° C. 30 sec, 60° C. 30 sec,
72° C. 3 min, 30 cycles/72° C. 10 min/4° C. o]. The result
confirmed bands for the specifically amplified 3'- and
5'-RACE products (FIG. 1). The total RACE product amounts
were subjected to electrophoresis with 1% agarose gel, and
the isolated DNA fragments were cut out with a clean cutter
or the like and extracted from the agarose gel according to the
method described in Non-Patent Document 20. The DNA
fragments were then TA cloned with a pGEM-T easy Vector
(Promega), and the base sequences were determined by the
method of Sanger et al. (Non-Patent Document 21). Specifi-
cally, the base sequences were determined by using a dye
terminator method, using a BigDyeR Terminator v3.1 Cycle
Sequencing Kit and a 3130 genetic analyzer (Applied Bio-
systems) according to the manufacturers’ protocols.

As aresult, two sequences, 190 bp and 210 bp, named elo1
(SEQ ID NO: 3) and elo2 (SEQ ID NO: 4) were successfully
identified for the 3'-RACE product, and one sequence, 200
bp, named elo3 (SEQ ID NO: 5) was successfully identified
for the 5'-RACE product. Because the elol, elo2, and elo3
sequences had significant homology to the sequences of vari-
ous elongase genes, the results suggested that these sequences
were partial sequences of the 7. aureum ATCC 34304-derived
elongase gene. In an attempt to obtain cDNA sequences by
RACE, oligonucleotide primers were redesigned for the elol,
elo2, and elo3. The oligonucleotide primers produced are as
follows.

elol forward oligonucleotide primer (elol-F1; 5'-TAT
GAT CGC CAA GTA CGC CCC-3") (SEQ ID NO: 6) and
reverse oligonucleotide primer (elo1-R1; 5'-GAA CTG CGT
CAT CTG CAG CGA-3") (SEQIDNO: 7)

elo2 forward oligonucleotide primer (elo2-F1; 5'-TCT
CGC CCT CGA CCA CCA AC-3") (SEQ ID NO: 8) and
reverse oligonucleotide primer (elo2-R1; 5'-CGG TGA CCG
AGT TGA GGT AGC C-3") (SEQ ID NO: 9)

elo3 forward oligonucleotide primer (elo3-F1; 5'-CAA
CCCTTT CGG CCT CAA CAA G-3") (SEQIDNO: 10) and
reverse oligonucleotide primer (elo3-R1; 5-TTC TTG AGG
ATC ATC ATG AAC GTG TC-3") (SEQ ID NO: 11)

By using these forward and reverse oligonucleotide prim-
ers, RACE and base sequence analysis of the amplification
products were performed as above. As a result, specifically
amplified 3'- and 5'-RACE products were obtained for elol,
and there was a complete match in the overlapping portion,
identifying the sequence as a 1, 139-bp elo1 cDNA sequence
(SEQ ID NO: 12). Similarly, specifically amplified 3'- and
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5'-RACE products were obtained for elo3, and there was a
complete match in the overlapping portion, identifying the
sequence as a 1,261-bp elo3 cDNA sequence (SEQ ID NO:
13).

It was found from the sequence analysis result that elol
consisted of an 825-bp translated region (SEQ ID NO: 15)
coding for 275 amino acid residues (SEQ ID NO: 14). It was
also found from the result of a BLAST search that the
sequence had significant homology to various elongase
genes, and completely coincided with the sequence of a
known 7. aureum-derived putative AS elongase gene (NCBI
accession No. CS8486301). On the other hand, it was assumed
that the elo3 consisted of a 951-bp translated region (SEQ ID
NO: 17) coding for 317 amino acid residues (SEQ ID NO:
16). It was also found from the result of a BLAST search that
the sequence had significant homology to various elongase
genes, and thus represented a 7. aureum ATCC 34304-derived
putative elongase gene. Note that the putative amino acid
sequences of these genes contained His boxes highly con-
served in elongase genes. From these results, elol and elo3
genes were identified as 7. aureum ATCC 34304-derived
putative elongase genes, and were named TaELO1 and
TaELO2, respectively,

Example 2-3

TaELO1 and TaELO2 Phylogenetic Analysis

Elongases are broadly classified into three groups on the
basis of substrate specificity.

1. SFA/MUFA elongases (act on saturated fatty acids or
monovalent unsaturated fatty acids)

2. PUFA-elongases (single-step) (act on polyvalent unsat-
urated fatty acids of certain chain lengths)

3. PUFA elongases (multi-step) (act on polyvalent unsat-
urated fatty acids of various chain lengths)

According to the elongase phylogenetic analysis con-
ducted by Meyer et al. (Non-Patent Document 22), there is a
good correlation between the substrate specificity and the
phylogenetic relationships.

Accordingly, a phylogenetic analysis was performed for
TaELO1, TaELO2, and various other elongase genes derived
from other organisms, using the method of Meyer et al. Spe-
cifically, a molecular phylogenetic tree was created according
to the neighbor-joining method (Non-Patent Document 14),
using the CLUSTAL W program (Non-Patent Document 7).
It was found as a result that the TaELO1 and TaELO2 were
classified into the PUFA-elongases (single-step) group, sug-
gesting that these elongases act on polyvalent unsaturated
fatty acids of certain chain lengths (FIG. 2).

Example 2-4

TaELO1 and TaELO2 Expression in Budding Yeast
Saccharomyces cerevisiae Host, and Fatty Acid
Composition Analysis of Gene Introduced Strain

Expression vectors were constructed for TaELO1 and
TaELO?2 for their expression in budding yeast S. cerevisiae
used as a host, as briefly described below. A set of oligonucle-
otide primer (E1 HindIII; 5'-ATA AGC TTA AAA TGT CTA
GCA ACA TGA GCG CGT GGG GC-3") (SEQ ID NO: 18)
and E1 Xbal; 5'-TGT CTA GAA CGC GCG GAC GGT CGC
GAA A-3") (SEQ ID NO: 19) was produced using the
sequence of the TaEL.O1 translated region. The E1 HindIII is
a forward oligonucleotide primer, and has a restriction
enzyme HindIII site (AAGCTT) at the 5'-end. The sequence
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in the vicinity of the TaELOI1 start codon is modified by
referring to a yeast consensus sequence ((A/Y) A (A/U) A
AUG UCU; the start codon is underlined) (Non-Patent Docu-
ment 23). The E1 Xbal is a reverse oligonucleotide primer,
and has an Xbal site (TCTAGA) at the 5'-end.

In the same manner, a set of oligonucleotide primer (E2
HindIII; 5'-TAA AGC TTA AAA TGT CTA CGC GCA CCT
CGA AGA GCG CTC C-3") (SEQ ID NO: 20) and E2 Xbal,
5'-CAT CTA GAC TCG GAC TTG GTG GGG GCG CTIT
G-3") (SEQ ID NO: 21) was produced using the sequence of
the TaELO2 translated region. The E2 HindlIII is a forward
oligonucleotide primer, and has a restriction enzyme HindIII
site at the 5'-end. The sequence in the vicinity of the TaEL.O2
start codon is modified by referring to a yeast consensus
sequence. The E2 Xbal is a reverse oligonucleotide primer,
and has an Xbal site at the 5'-end.

By using the two oligonucleotide primer sets, a PCR was
performed using the 5'-RACE c¢DNA library of Example 2-2
as a template. The PCR amplified a 949-bp TaELO1 trans-
lated region (SEQ ID NO: 22) and a 967-bp TaELO?2 trans-
lated region (SEQ ID NO: 23) having the restriction enzyme
HindIII and the restriction enzyme Xbal site at the 5'-end and
the 3'-end, and modified to the yeast consensus sequence in
the vicinity of the start codon. Note that a PrimeSTARR DNA
polymerase (Takara Bio) of high proofreading activity was
used as the PCR enzyme to avoid extension errors [PCR
cycles: 98° C. 2 min/98° C. 5 sec, 60° C. 5 sec, 72° C. 1.5 min,
30 cycles/72° C. 7 min/4° C. o].

After isolating the amplified PCR products with a 1%
agarose gel, the DNA fragments were cut and extracted from
the agarose gel. After treatment with restriction enzymes
HindIII and Xbal, the product was purified again with an
agarose gel. To construct a cyclic vector, the product was
joined to a budding yeast expression vector pY ES2/CT (invit-
rogen) with a DNA Ligation Kit <Mighty Mix> (Takara Bio)
after linearizing the pYES2/CT wvector with restriction
enzymes HindIIl and Xbal. This was followed by a base
sequence analysis, which confirmed that no PCR extension
error occurred and no mutation was introduced to the
TaELO1 and TaELO2 translated region sequences introduced
into the pYES2/CT. In this manner, a TaELO1 expression
vector pYEELOI1, and a TaELO2 expression vector
pYEELO2 were successfully constructed.

The two expression vectors constructed above, and the
pYES2/CT were introduced into the budding yeast S. cerevi-
siae by using the lithium acetate technique according to the
methods described in Non-Patent Documents 15 and 16, and
the transfectants were screened for. The resulting transfec-
tants (pYEELO! introduced strain, pYEELO2 introduced
strain, and mock introduced strain) were cultured according
to the method of Qiu et al. (Non-Patent Document 24), and the
cell-derived fatty acids were extracted and methylesterifi-
cated. Note that each culture was performed in a medium
supplemented with a-linolenic acid (ALA, C18:3A9, 12, 15)
and linoleic acid (LA, C18:2A9, 12) added as A49 elongase
substrates, stearidonic acid (STA, C18:4A6, 9, 12, 15) and
y-linolenic acid (GLA, C18:3A6, 9, 12) added as A6 elongase
substrates, and eicosapentaenoic acid (EPA, C20:5A5, 8, 11,
14, 17) and arachidonic acid (AA, C20:4A5, 8, 11, 14) added
as AS elongase substrates. Here, each supplement was added
in a final concentration of 0.2 mM. This was followed by the
gas chromatography (GC) analysis of the methylesterificated
fatty acids according to the method of Abe et al. (Non-Patent
Document 17). The GC analysis was performed with a gas
chromatograph GC-2014 (Shimadzu Corporation) under the
following conditions:
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Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemical
Industries [.td.)

Column temperature: 150° C.—(5° C./min)—220° C. (10
min)
Carrier gas: He (1.3 mL/min).

It was found as a result that, the pYEELOI introduced
strain had the A6 elongase activity not found in the host (mock
introduced strain), converting the stearidonic acid (STA) into
eicosatetraenoic acid (ETA, C20:4A8, 11, 14, 17), and the
y-linolenic acid (GLA) into dihomo-y-linolenic acid (DGLA,
C20:3A8, 11, 14). The pYEELOI introduced strain also had
the A9 elongase activity of converting the a-linolenic acid
(ALA) into eicosatrienoic acid (ETrA, C20:3A11, 14, 17),
and the linoleic acid (LA) into eicosadienoic acid (EDA,
C20:3A11, 14), and the AS elongase activity of converting the
eicosapentaenoic acid (EPA) into w3 docosapentaenoic acid
(w3 DPA, C22:5A7, 10, 13, 16, 19), and the arachidonic acid
(AA) into docosatetraenoic acid (DTA, C22:4A7, 10, 13, 16)
(Table 1).

As for the pYEELO?2 introduced strain, it was found that
this strain had the A5 elongase activity not found in the host,
converting EPA to 3 DPA (C22:5A7,10, 13,16, 19), and AA
to DTA. The pYEELO?2 introduced strain also had a weak A6
elongase activity, converting STA to ETA, and GLA to DGLA
(Table 1). These results confirmed that the TaELO1 was a
A6/A9/AS elongase, and the TaELO2 was a A5/A6elongase,
contrary to the results expected from the TaELOI1 and
TaELO2 substrate specificity in the phylogenetic analysis
described in Example 2-3 and FIG. 2.

TABLE 1
mock TaELO1 TaELO2

LA addition (0.2 mM)
LA 30.5 235 36.3
EDA 0.2 8.9 0.2
Conversion 274
efficiency (%)

GLA addition (0.2 mM)
GLA 44.0 7.6 43.6
DGLA 0.2 29.0 0.8
Conversion 79.3 1.9
efficiency (%)

ARA addition (0.2 mM)
ARA 30.9 23.2 8.9
ADA — 5.8 13.6
Conversion 20.1 60.3
efficiency (%)

ALA addition (0.2 mM)
ALA 49.1 25.8 47.1
ETrA 0.2 17.9 0.3
Conversion 41
efficiency (%)

STA addition (0.2 mM)
STA 46.2 8.3 40.5
ETA 0.3 28.1 1.7
Conversion 77.2 4.0
efficiency (%)

EPA addition (0.2 mM)
EPA 42.0 31.2 13.1
DPA 0.1 19.6 245
Conversion 253 65.1

efficiency (%)

Conversion efficiency (%) = 100 x product (area)/substrate (area) + product (area) (n = 1)
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Example 2-5

Obtaining TaELO2 ORF Upstream and Downstream
Regions by PCR Genome Walking

The TaELO2 ORF upstream and downstream regions as
the homologous recombination sites in a targeting vector for
disrupting TaELO2 were obtained by using the PCR genome
walking technique, as briefly described below.

T aureum ATCC 34304 cell grown for 3 days using a GY
liquid medium was rapidly frozen with liquid nitrogen, and
ground into a powdery form with a mortar. Then, genomic
DNA was extracted according to the method described in
Non-Patent Document 18, and dissolved in a suitable amount
of TE. Genomic DNA levels and purity were assayed by
0.D.260 and 0.D.280 measurements. This was followed by
construction of a genomic DNA library by adding a cassette
sequence with restriction enzyme sites to the genomic DNA
cut with various restriction enzymes, using a TaKaRa LA
PCR™ in vitro Cloning Kit (Takara Bio) according to the
manufacturer’s protocol. Then, by using the genomic DNA
library as a template, a nested PCR was performed according
to the manufacturer’s protocol, using the forward oligonucle-
otide primers E2 Xbal (Example 2-4; SEQ ID NO: 21) and
elo3-F1 (Example 2-2; SEQ ID NO: 10) or the reverse oligo-
nucleotide primers E2 HindIIl (Example 2-4; SEQ ID NO:
20) and elo3-R1 (Example 2-2; SEQ ID NO: 11) produced
from the TaELO2 sequence, and the oligonucleotide primers
complementary to the cassette sequence (attached to the kit).
As a result, a 1,122-bp TaELO2 ORF upstream sequence
(SEQID NO: 24), and a 1,204-bp TaELO2 ORF downstream
sequence (SEQ ID NO: 25) were successfully obtained.

Example 2-6

Construction of TaELO2 Targeting Vector Using
Selection Marker Neor

A DNA fragment joining TaELO2 ORF upstream
sequence/artificial  Neor/TaELO2 ORF  downstream
sequence was produced by fusion PCR. The following oligo-
nucleotide primers were used.

KO Pro F Smal (31 mer: 5'-CTC CCG GGT GGA CCT

AGC GCG TGT GTC ACC T-3") (SEQ ID NO: 26)

Pro R (25 mer: 5'-GGT CGC GTT TAC AAA GCA GCG
CAG C-3") (SEQ ID NO: 27)

SNeo F (52 mer; 5'-GCT GCG CTG CTT TGT AAA CGC
GAC CAT GAT TGA ACA GGA CGG CCT TCA CGC
T-3" (SEQ ID NO: 28)

SNeoR (52 mer; 5-TCG GGA GCCAGC CGGAAA CAG
GTT CAAAAGAACTCG TCC AGG AGG CGG TAG
A-3") (SEQ ID NO: 29)

Term F (23 mer: 5'-ACC TGT TTC CGG CTG GCT CCC
GA-3") (SEQ ID NO: 30)

KO Term R Smal (27 mer: 5'-ATC CCG GGG CCG AGA
ACG GGG TCG CCC-3") (SEQ ID NO: 31)

The oligonucleotide primers KO Pro F Smal/Pro R were
used for the amplification of the TaELO2 ORF upstream
sequence using the 7. aureum ATCC 34304 genomic DNA of
Example 2-5 as a template. The oligonucleotide primers
SNeo F/SNeo R were used for the amplification of the artifi-
cial Neor using artificial Neor as a template. The oligonucle-
otide primers Term F/KO Term R Smal were used for the
amplification of the TaELO2 ORF downstream sequence
using the 7" aureum ATCC 34304 genomic DNA of Example
2-5 as a template. The PCR reaction was performed at a
denature temperature of 98° C. for 10 seconds, and the
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annealing and the extension reaction were performed while
appropriately adjusted according to the primer Tm and the
amplification product length.

As aresult, a 2,696-bp sequence (SEQ ID NO: 32) joining
TaELO2 ORF upstream sequence/artificial Neor/TaELO2
ORF downstream sequence was successfully obtained, and
the sequence after TA cloning with a pGEM-T easy Vector
(Promega)was used as a knockout vector, named pTKONeor.

Example 2-7

Introduction of TKONeor into 7. aureum ATCC
34304

The TaELO2 targeting vector pTKONeor using artificial
Neor as a selection marker (Example 2-6) was used as a
template, and the TaEL.O2 ORF upstream sequence/artificial
Neor/TaELO2 ORF downstream sequence was amplified
using a set of oligonucleotide primers KO Pro F Smal (Ex-
ample 2-6, SEQ ID NO: 26)/KO Term R Smal (Example 2-6,
SEQ ID NO: 31), and PrimeSTAR HS DNA polymerase
(Takara Bio) [PCR cycles: 98° C. 2 min/98° C. 10 sec, 68° C.
3 min, 30 cycles/68° C. 10 min/4° C. oo]. The DNA fragments
were extracted after electrophoresis using a 1% agarose gel,
and dissolved in a suitable amount of TE after ethanol pre-
cipitation. The DNA fragment levels and the purity were
assayed by O.D.260 and O.D.280 measurements. In the fol-
lowing, the DNA fragment will be referred to as TKONeor.

This was followed by DNA penetration using the gene-gun
technique. Specifically, 7. aureum ATCC 34304 was cultured
in a GY liquid medium from the middle to late stage of the
logarithmic growth phase at 25° C., 150 rpm, and the super-
natant was removed by centrifugation at 3,500xg, 4° C. for 10
min. The resulting cells were resuspended in a GY liquid
medium in 100 times the concentration of the original culture
fluid, and a 20-pl portion of the cell suspension was evenly
applied as a thin layer of about a 3-cm diameter on a 5-cm
diameter PDA agar plate medium containing 1 mg/ml G418
(nacalai tesque). After drying, penetration was performed
using a PDS-1000/He system (BioRad) under the following
conditions.

Target distance: 6 cm

Vacuum: 26 inches Hg

Micro carrier size: 0.6 um

Rupture disk (penetration pressure): 1,100 psi

Thereafter, a PD liquid medium (100 pl) was dropped onto
the PDA agar plate medium, and the cells were spread and
statically cultured. As a result, transfectants with the con-
ferred G418 resistance were obtained at the efficiency of
4.7x10" cfu/ug DNA.

Example 2-8

PCR Using TKONeor-Introduced Transfectant
Genomic DNA as a Template

Seven colonies of transfectants were collected with a tooth-
pick, and inoculated in a GY liquid medium containing 0.5
mg/ml G418 (nacalai tesque). After multiple subculturing,
genomic DNA was extracted from the cells using the method
of Example 2-5, and dissolved in a suitable amount of TE
after ethanol precipitation. The levels of extracted genomic
DNA and the purity were assayed by 0.D.260 and 0.D.280
measurements. By using the genomic DNAs of the transfec-
tants and the wild-type strain as templates, a PCR was per-
formed with various oligonucleotide primer sets. The follow-
ing oligonucleotide primer sets were used.
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(1) Neor detection: SNeoF (Example 2-6; SEQ ID NO: 28)
and SNeoR (Example 2-6; SEQ ID NO: 29)

(2) KO verification 1: KO Pro F Smal (Example 2-6; SEQ
IDNO: 26) and KO Term R Smal (Example 2-6; SEQ ID NO:
31)

(3) KO verification 2: E2 KO ProF EcoRV (30 mer:
5'-GGA TAT CCC CCG CGA GGC GAT GGC TGC TCC-3Y)
(SEQ ID NO: 33) and SNeoR

(4) KO verification 3: SNeoF and E2 KO Term R EcoRV
(30 mer: 5'-TGA TAT CGG GCC GCG CCCTGG GCC GTA
GAT-3" (SEQ ID NO: 34)

(5) TaELO2 amplification: E2 HindIII (Example 2-4; SEQ
IDNO: 20) and E2 Xbal (Example 2-4; SEQ IDNO:21) (FIG.
3A)

Six out of the seven clones analyzed were transfectants by
random integration, and the homologous recombination
replacement of TaEL.O2 ORF with Neor was confirmed in the
remaining clone (FIG. 3B, lanes 9 and 13). It was also found
that this was accompanied by the simultaneous TaEL.O2 ORF
amplification (FIG. 3B, lane 17). These results suggested the
possibility that the 7. aureum ATCC 34304 was a diploid or
higher ploidy, or the TaEL.O2 was a multicopy gene.

Example 2-9

Confirmation of TaELO2 Copy Number by Southern
Blotting

The following experiments were conducted according to
the methods described in DIG Application Manual [Japanese
version| 8th, Roche Applied Science (Non-Patent Document
25). Specifically, the genomic DNA of the wild-type strain
was cut with various restriction enzymes, and electrophore-
sed in 2.5 ng per lane using a 0.7% SeaKemR GTGR agarose
(Takara Bio). This was transferred to a nylon membrane (Hy-
bond™-N+, GE Healthcare), and hybridized at 48° C. for 16
hours with DIG-labeled probes produced by using a PCR
DIG Probe Synthesis Kit (Roche Applied Science). The fol-
lowing oligonucleotide primer set was used for the produc-
tion of the DIG-labeled probes.

TaELO2 det F (25 mer: 5'-GTA CGT GCT CGG TGT GAT
GCT GCT C-3") (SEQ ID NO: 35)

TaELO2 det R (24 mer: 5'-GCG GCG TCC GAA CAG
GTA GAG CAT-3") (SEQ ID NO: 36)

[PCR cycles: 98° C. 2 min/98° C. 30 sec, 65° C. 30 sec, 72°
C. 1 min, 30 cycles/72° C. 7 min/4° C. oo

Detection of the hybridized probes was made by using a
chromogenic method (NBT/BCIP solution).

As a result, a single band was detected in all lanes treated
with the various restriction enzymes (FIG. 4), suggesting that
the TaELO2 was a single copy gene. The result thus suggested
that the 7. aureum ATCC 34304 was a diploid or higher
ploidy.

Example 2-10

Evaluation of TKONeor-Introduced Transfectants by
Southern Blotting

Southern blotting was performed by using the method of
Example 2-9. Specifically, the genomic DNAs of the wild-
type strain and the transfectants digested with EcoRV and Pstl
were subjected to southern blotting using a chromogenic
method (NBT/BCIP solution), using DIG-labeled probes
PCR amplified with a set of oligonucleotide primers uprobe F
(35 mer: 5'-ATC CGC GTA TAT ATC CGT AAA CAA CGG
AAC ATT CT-3") (SEQ ID NO: 37) and uprobe R (26 mer:
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5'-CTT CGG GTG GAT CAG CGA GCG ACA GC-3") (SEQ
ID NO: 38) [PCR cycles: 98° C. 2 min/98° C. 30 sec, 65° C.
30 sec, 72° C. 1 min, 30 cycles/72° C. 7 min/4° C. w|. Here,
in contrast to about a 1.2-kbp DNA fragment detected for the
wild-type allele, about a 2.5-kbp DNA fragment was detected
for the mutant allele that underwent the homologous recom-
bination replacement of TaEL.O2 ORF with Neor (FIG. 5A).

Because the wild-type allele band was simultaneously
detected with the mutant allele band in the transfectants (FIG.
5B), the analysis result suggested that the 7. aureum ATCC
34304 was a diploid or higher ploidy.

Example 2-11

Construction of TaELO2 Targeting Vector using
Selection Marker Hygr

A TaELO2 targeting vector was constructed with a selec-
tion marker Hygr to disrupt the remaining wild-type allele.
First, a fusion PCR was performed to join Hygr to a T
aureum ATCC 34304-derived ubiquitin promoter sequence.
The following oligonucleotide primers were used.
ubi-600p F (27 mer: 5'-GCC GCA GCG CCT GGT GCA
CCC GCC GGG-3") (SEQ ID NO: 39)

ubi-hygro R (59 mer: 5'-TCG CGGG TGA GTT CAG
GCT TTT TCA TGT TGG CTA GTG TTG CTIT AGG
TCG CTT GCT GCT G-3") (SEQ ID NO: 40)

ubi-hygro F (57 mer; 5'-AGC GAC CTA AGC AAC ACT
AGGC CAA CAT GAA AAA GCC TGA ACT CAC
CGC GAC GTC TG-3") (SEQ ID NO: 41)

hygro R (29 mer; 5'-CTATTC CTT TGC CCT CGG ACG
AGT GCT GG-3") (SEQ ID NO: 42)

The oligonucleotide primers ubi-600p F/ubi-hygro R were
used for the amplification of the 7. aureum ATCC 34304-
derived ubiquitin promoter sequence using the 7. aureum
ATCC 34304 genomic DNA of Example 2-5 as a template.
The oligonucleotide primers ubi-hygro F/hygro R were used
for the amplification of the artificial Hygr using pcDNA 3.1
Zeo (Invitogen) as a template. The PCR reaction was per-
formed at a denature temperature of 98° C. for 10 seconds,
and the annealing and the extension reaction were appropri-
ately adjusted according to the primer Tm and the amplifica-
tion product length.

As aresult, a 1,636-bp (SEQ ID NO: 43) joining 1. aureum
ATCC 34304-derived ubiquitin promoter sequence/Hygr was
successfully obtained, and the sequence after TA cloning with
apGEM-T easy Vector (Promega) was named pTub600Hygr.

By using the pTub600Hygr as a template, a PCR was
performed with PrimeSTAR HS DNA polymerase (Takara
Bio) to prepare a 1. aureum ATCC 34304-derived ubiquitin
promoter sequence/Hygr DNA fragment containing Nhel and
Xbal sites added to the 5' end and the 3' end, respectively. The
PCR was run under the following conditions using a set of
oligonucleotide primers ubi-600p F Nhel (33 mer: 5'-GTG
CTA GCC GCA GCG CCT GGT GCA CCC GCC GGG-3"
(SEQ ID NO: 44) and hygro R Xbal (37 mer: 5'-GTT CTA
GACTAT TCC TTT GCC CTC GGA CGA GTG CTG G-3")
(SEQ ID NO: 45) [PCR cycles: 98° C. 2 min/98° C. 10 sec,
68° C. 3 min, cycles/68° C. 10 min/4° C. w]. Separately, by
using the pTKONeor of Example 2-6 as a template, a PCR
was performed with PrimeSTAR HS DNA polymerase
(Takara Bio) to prepare a linear vector that did not contain the
Neor of the pTKONeor of Experiment Example 2-6 and to
which Nhel and Xbal sites were added to the 3' end and the §'
end, respectively. The PCR was run under the following con-
ditions using a set of oligonucleotide primers KO vec F Xbal
(37 mer: 5'-GTT CTAGACCTG TTT CCG GCT GGC TCC
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CGA GCC ATG C-3") (SEQID NO: 46) and KO vec R Nhel
(40 mer: 5'-GTG CTA GCGGTC GCGTTTACAAAG CAG
CGC AGC AAC AGA A-3") (SEQ ID NO: 47) [PCR cycles:
98° C. 2 min/98° C. 10 sec, 68° C. 3 min, 30 cycles/68° C. 10
min/4° C. o]. The both DNA fragments were digested with
restriction enzymes Nhel and Xbal, and purified with an
agarose gel to construct a cyclic vector using a Ligation
Convenience Kit (Nippon Gene).

The TaELO2 targeting vector using Hygr as a selection
marker thus constructed used the pGEM-T easy Vector
(Promega) as the platform, and contained a 3,537-bp insert
sequence (SEQ ID NO: 48) of TaELO2 ORF upstream
sequence/T. aureum ATCC 34304-derived ubiquitin pro-
moter sequence/Hygr/TaEL.O2 ORF downstream sequence.
This was named pTKOub600Hygr.

Example 2-12

Reintroduction of KOub600Hygr, and Evaluation of
Transfectants by PCR Using Genomic DNA as
Template, and by Southern Blotting and RT-PCR

The constructed TaELO2 targeting vector
pTKOub600Hygr (Example 2-11) using Hygr as a selection
marker was used as a template, and the TaELO2 ORF
upstream sequence/7. aureum ATCC 34304-derived ubig-
uitin promoter sequence/Hygr/TaELLO2 ORF downstream
sequence was amplified with a PrimeSTAR HS DNA poly-
merase (Takara Bio), using a set of oligonucleotide primers
KO Pro F Smal (Example 2-6, SEQ ID NO: 26)/KO Term R
Smal (Example 2-8, SEQ ID NO: 31) [PCR cycles: 98° C. 2
min/98° C. 10 sec, 68° C. 3.5 min, 30 cycles/68° C. 10 min/4°
C. ]. The resulting DNA fragment was named
KOub600Hygr. This was introduced to the transfectants
obtained in Example 2-6 by using the technique described
therein, and statically cultured on a 1 mg/ml G418 (nacalai
tesque)-containing PDA agar plate medium for 24 hours. The
cells were collected, and statically cultured on a PDA agar
plate medium supplemented with 1 mg/ml G418 (nacalai
tesque) and 2 mg/ml hygromycin B (Wako Pure Chemical
Industries, Ltd.). As a result, large numbers of transfectants
were obtained (introduction efficiency: 1.02x10° cfu/ug
DNA).

Fifty clones were collected, and subcultured multiple times
in a GY liquid medium supplemented with 1 mg/ml G418
(nacalai tesque) and 2 mg/ml hygromycin B (Wako Pure
Chemical Industries, Ltd.). Then, genomic DNA was
extracted by using the same technique used in Example 2-5,
and dissolved in a suitable amount of TE after ethanol pre-
cipitation. The levels of extracted genomic DNA and the
purity were assayed by O.D.260 and O.D.280 measurements.
By using the genomic DNAs of the resulting transfectants and
the wild-type strain as templates, a PCR was performed with
various oligonucleotide primer sets [PCR cycles: 98° C. 2
min/98° C. 10 sec, 68° C. 1 min, 30 cycles/68° C. 10 min/4°
C. ). The following oligonucleotide primer sets were used.

(1) TaELO2 ORF detection: SNeoF (Example 2-6; SEQ ID
NO: 28) and SNeoR (Example 2-6; SEQ ID NO: 29)

(2) KO verification: E2 KO Pro F EcoRV (Example 2-8;
SEQ ID NO: 33) and ubi-hygro R (Example 2-11; SEQ ID
NO: 40) (FIG. 6A).

It was suggested that 14 out of the 50 clones analyzed were
transfectants that underwent homologous recombination
through TaELO2 ORF replacement (FIG. 6B, arrow). It was
also confirmed that the TaEL.O2 ORF was not amplified in
these clones (FIG. 6C).
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This was followed by southern blotting using the same
technique used in Example 2-10. Specifically, the genomic
DNAs of the wild-type strain and the transfectants digested
with EcoRV and Pstl were subjected to southern blotting
using a chromogenic method (NBT/BCIP solution), using
DIG-labeled probes prepared with a set of oligonucleotide
primers uprobe F (SEQ ID NO: 37) and uprobe R (SEQ ID
NO: 38). Here, about a 1.2-kbp DNA fragment was detected
for the wild-type allele. In contrast, about a 2.5-kbp DNA
fragment was detected for the mutant allele that underwent
the homologous recombination replacement of TaEL.O2 ORF
with Neor, and about a 1.9-kbp DNA fragment was detected
for the mutant allele that underwent the homologous recom-
bination replacement of TaEL.O2 ORF with Hygr (FIG. 7A).

The analysis revealed that the wild-type allele band of
about a 2.5 kbp was absent in the resulting transfectants, and
anew band, about 1.9 kbp, was detected for the mutant allele
in which the TaELO2 ORF was replaced with Hygr (FIG. 7B).

Southern blotting using a chromogenic method (NBT/
BCIP solution) was also performed for the genomic DNAs of
the wild-type strain and the transfectants (clones 1, 8, 9, and
10) digested with EcoRV, using TaELO2-detecting DIG-1a-
beled probes prepared by PCR using a set of oligonucleotide
primers TaELO2 probe F (30 mer: 5'-ATG GCG ACG CGC
ACC TCG AAG AGC GCT CCG-3" (SEQ ID NO: 49) and
TaELO2 probe R (30 mer: 5'-AGGATC ATCATGAAC GTG
TCG CTC CAG TCG-3") (SEQ ID NO: 50) [PCR cycles: 98°
C. 2 min/98° C. 30 sec, 65° C. 30 sec, 72° C. 1 min, 30
cycles/72° C. 7 min/4° C. «]. Here, TaELO2 was detected as
about a 2.5-kbp DNA fragment (FIG. 7A).

The analysis revealed that in contrast to the wild-type strain
in which the TaELO2 was detected (FIG. 8, lane 1), TaELO2
was not detected in any of the transfectants (FIG. 8, lanes 2 to
5).

To examine the TaELO2 disruption at the mRNA level,
TaELO2 mRNA detection was performed by RT-PCR. Total
RNA was extracted from the cells of the wild-type strain and
the transfectants (clones 1, 8, 9, and 10) cultured for 3 days in
GY liquid media, using Sepasol-RNA 1 Super (nacalai
tesque) as in Example 2-1. The total RNA (50 pg) was cleaned
up using an RNeasy Mini Kit (QIAGEN) according to the
manufacturer’s protocol, and treated at 37° C. for 1 hourusing
50 U Recombinant DNase 1 (Takara Bio) to degrade and
remove the contaminated genomic DNA. By using the result-
ing total RNA as a template, a single-stranded cDNA library
was created using oligo(dT) primer (Novagen) and Prime-
Script Reverse Transcriptase (Takara Bio) according to the
manufacturers’ protocols. By using the resulting single-
stranded cDNA library as a template, the TaELO2 ORF was
amplified with a set of oligonucleotide primers E2 HindIII
(Example 2-4; SEQ ID NO: 20) and E2 Xbal (Example 2-4;
SEQ ID NO:21), and LA taq Hot Start Version (Takara Bio)
[PCR cycles: 98° C. 2 min/98° C. 10 sec, 68° C. 1 min, 30
cycles/68° C. 10 min/4° C. o].

It was found as a result that the TaELO2 mRNA detected in
the wild-type strain (FI1G. 9, lane 5) was not detected in any of
the transfectants (clones 1, 8, 9, and 10) (FIG. 9, lanes 1 to 4).

As demonstrated above, TaELO2-deficient homozygotes
with the complete disruption of TaELO2 were successfully
obtained. It was also found that the 7. aureum ATCC 34304
was a diploid.

Example 2-13
Comparison of Fatty Acid Compositions of
Wild-Type Strain and TaELO2-Deficient
Homozygote

The fatty acid compositions of the TaELO2-deficient
homozygote and the wild-type strain of Example 2-12 were
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compared by the GC analysis of methylesterificated fatty
acids. Specifically, the cells of the TaELO2-deficient
homozygotes and the wild-type strain cultured for 5 days in
GY liquid media were collected, and the fatty acids from
these cells were extracted and methylesterificated by using
the methods described in Example 2-4, and subjected to GC
analysis. The GC analysis was performed with a gas chro-
matograph GC-2014 (Shimadzu Corporation) under the fol-
lowing conditions:

Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemical
Industries Ltd.

Column temperature: 150° C.—(5° C./min)—220° C. (10
min) Carrier gas: He (1.3 mI/min).

As a result, the level of the EPA as a TaELO2 substrate
showed about a two-fold increase in the TaELO2-deficient
homozygote compared to the wild-type strain, whereas the
level of the downstream metabolite DHA was lower than in
the wild-type strain (FIG. 10).

The present invention is the first example of the modifica-
tion of fatty acid compositions through disruption of genes
that form the desaturase/elongase pathways in Labyrinthula.
Specifically, the present invention has elucidated the involve-
ment of the desaturase/elongase pathways in the PUFA bio-
synthesis in the Labyrinthula T. aureum, and shows that
modification of fatty acid composition is possible by knock-
ing out the constitutive genes. In the future, it would be
possible to perform molecular breeding of Labyrinthulo-
mycetes that selectively produce industrially useful PUFAs in
large quantities in a PUFA biosynthetic pathway artificially
created from combinations of genetic modifications such as
overexpression of foreign desaturase/elongase genes, and
PUFA-PKS gene knockouts.

Example 3

Disruption of Parietichytrium sarkarianum C20
Elongase Gene

Example 3-1
Subcloning of SV40 Terminator Sequence

An SV40 terminator sequence was amplified with Prime-
STAR HS DNA polymerase (Takara Bio), usinga pcDNA 3.1
Myc-His vector as a template. The PCR primers used are as
follows. RHOS58 was set on the SV40 terminator sequence,
and contains Bglll and BamHI linker sequences. RHOS52 was
set on the SV40 terminator sequence, and contains a Bglll
sequence [RHOS58: 34mer: 5'-CAG ATC TGG ATC CGC
GAA ATG ACC GAC CAA GCG A-3' (SEQ ID NO: 51),
RHOS52: 24mer: 5'-ACG CAA TTA ATG TGA GAT CTA
GCT-3' (SEQ ID NO: 52)]. The sequence was cloned into a
pGEM-T easy vector (Promega) after being amplified under
the following conditions [PCR cycles: 98° C. 2 min/98° C. 30
sec, 60° C. 30 sec, 72° C. 1 min, 30 cycles/72° C. 1 min]. The
sequence was confirmed with a Dye Terminator Cycle
Sequencing Kit (BECKMAN COULTER) after being ampli-
fied with Escherichia coli, and was named pRH27.

A plasmid (pRH27) containing the subcloned SV40 termi-
nator sequence (342 bp, SEQ ID NO: 53) is shown in FIG. 11.

Example 3-2

Production of Artificial Neomycin-Resistant Gene
Cassette

The Thraustochytrium aureum ATCC 34304 strain was
cultured in GY medium, and cells at the late stage of the
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logarithmic growth phase were centrifuged at 4° C., 3,500xg
for 5 min to obtain a pellet. The pellet was then disrupted after
being frozen with liquid nitrogen. The cell disruption liquid
was extracted with phenol, and precipitated with ethanol. The
precipitate was then dissolved in a TE solution. The nucleic
acids dissolved in the TE solution were treated with RNase at
37° C. for 30 min to degrade the RNA, and extracted again
with phenol. After ethanol precipitation, the precipitate was
dissolved in a TE solution. The DNA concentration was cal-
culated by measuring A260/280.

By using this as a template, a ubiquitin promoter sequence
(619 bp, SEQ ID NO: 54) was amplified using a PrimeSTAR
HS DNA polymerase with GC Buffer (Takara Bio). The PCR
primers used are as follows. RHOS53 was set on the ubiquitin
promoter sequence, and contains a BglII linker sequence. The
TKO1 contains the ubiquitin promoter sequence and an arti-
ficial neomycin-resistant gene sequence [RHOS53: 36mer:
5'-CCC AGA TCT GCC GCA GCG CCT GGT GCA CCC
GCCGGG-3' (SEQIDNO: 55), TKO1: 58mer: 5'-CGT GAA
GGC CGTCCT GTTCAATCATGT TGG CTAGTGTTG
CTT AGG TCG CTT GCT GCT G-3' (SEQ ID NO: 56)]
[PCR cycles: 98° C. 2 min/98° C. 10 sec, 68° C. 1 min, 30
cycles/68° C. 1 min)].

An artificial neomycin-resistant gene sequence (826 bp,
SEQ ID NO: 57) was amplified with a PrimeSTAR HS DNA
polymerase with GC Buffer (Takara Bio), using the artificial
neomycin-resistant gene sequence as a template. The PCR
primers used are as follows. TKO2 contains the ubiquitin
promoter sequence and the artificial neomycin-resistant gene
sequence. RHOS57 contains the artificial neomycin-resistant
gene sequence, and has a Bglll linker sequence [TKO2:
S4mer: 5'-AGC GAC CTA AGC AAC ACT AGC CAA CAT
GAT TGA ACA GGA CGG CCT TCA CGC TGG-3' (SEQ
ID NO: 58), RHOS7: 26mer: 5'-CAG ATC TCA AAA GAA
CTC GTC CAG GA-3' (SEQ ID NO: 59)] [PCR cycles: 98°
C.2 min/98° C. 10 sec, 68° C. 1 min, 30 cycles/68° C. 1 min].

By using SEQ ID NOS: 54 and 57 as templates, a fusion
PCR was performed with RHO53 (SEQ ID NO: 55) and
RHO57 (SEQ ID NO: 59) according to the method described
in Non-Patent Document 19. The product was amplified
under the following conditions by using an LA taq Hot start
version (Takara Bio) as an enzyme, and digested with BgllI
[PCR cycles: 94° C.2 min/94° C.20sec, 55° C.30sec, 68° C.
1 min, 30 cycles/68° C. 1 min (1° C./10 sec from 55° C. to 68°
C) (FIG. 12).

The fused product Thraustochytrium aureum ATCC
34304-derived ubiquitin promoter-artificial neomycin-resis-
tant gene sequence (1,395 bp, SEQ ID NO: 60) was digested
with Bglll, and ligated to the BamHI site of the pRH27 of
Example 3-1. The resulting plasmid was amplified with
Escherichia coli, and the sequence was confirmed by using a
Dye Terminator Cycle Sequencing Kit (BECKMAN
COULTER) and named pRH31.

The product artificial neomycin-resistant gene cassette
(pRH31) is shown in FIG. 13.

Example 3-3
Production of Hygromycin-Resistant Gene Cassette

By using the genomic DNA of the Thraustochytrium
aureum ATCC 34304 as a template, a ubiquitin promoter
sequence (617 bp, SEQ ID NO: 61) was amplified with a
PrimeSTAR HS DNA polymerase with GC Buffer (Takara
Bio). The PCR primers used are as follows. RHOS53 was set
on the ubiquitin promoter sequence, and contains a BglII
linker sequence. KSO8 contains the ubiquitin promoter
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sequence and a hygromycin-resistant gene sequence
[RHOS53: 36mer: 5'-CCC AGA TCT GCC GCA GCG CCT
GGT GCA CCC GCC GGG-3' (Example 3-2; SEQ ID NO:
55), KSO8: 58mer: 5'-TCG CGG TGA GTT CAG GCT TTT
TCA TGT TGG CTA GTG TTG CTT AGG TCG CTT GCT
GCT G-3' (SEQ ID NO: 62)] [PCR cycles: 98° C. 2 min/98°
C. 30 sec, 68° C. 2 min, 30 cycles/68° C. 2 min].

By using a pcDNA 3.1/Hygro (invitrogen) as a template, a
hygromycin-resistant gene (1,058 bp, SEQ ID NO: 63) was
amplified with a PrimeSTAR HS DNA polymerase with GC
Buffer (Takara Bio). The PCR primers used are as follows.
KSO7 contains the ubiquitin promoter sequence and the
hygromycin-resistant gene sequence. RHOS56 contains the
hygromycin-resistant gene, and has a BglII linker sequence
[KSO7: S6mer: 5'-AGC GAC CTA AGC AAC ACT AGC
CAA CAT GAAAAAGCCTGAACT CACCGCGACGTC
TG-3' (SEQ ID NO: 64), RHO56: 36mer: 5'-CAG ATC TCT
ATTCCTTTG CCC TCG GAC GAG TGCTGG-3' (SEQID
NO: 65)] [PCR cycles: 98° C. 2 min/98° C. 30 sec, 68° C. 2
min, 30 cycles/68° C. 2 min].

By using SEQ ID NOS: 61 and 63 as templates, a fusion
PCR was performed with RHOS53 (Example 3-2; SEQ ID NO:
55) and RHOS6 (SEQ ID NO: 65) according to the method
described in Non-Patent Document 19. The product was
amplified under the following conditions using an LA taq Hot
start version (Takara Bio) as an enzyme, and digested with
BglII [PCR cycles: 94° C. 2 min/94° C. 20 sec, 55° C. 30 sec,
68° C. 1 min, 30 cycles/68° C. 1 min (1° C./10 sec from 55°
C. to 68° C.)] (FIG. 14).

The fused product Thraustochytrium aureum ATCC
34304-derived ubiquitin promoter-pcDNA 3.1/Hygro (invit-
rogen)-derived hygromycin-resistant gene (1,625 bp, SEQ ID
NO: 66) was digested with Bglll, and ligated to the BamHI
site of the pRH27 of Example 3-1 (FIG. 11). The resulting
plasmid was amplified with FEscherichia coli, and the
sequence was confirmed by using a Dye Terminator Cycle
Sequencing Kit (BECKMAN COULTER). This was named
pRH32.

The product artificial neomycin-resistant gene cassette
(pRH32) is shown in FIG. 15.

Example 3-4
Cloning of Parietichytrium C20 Elongase Gene

The Parietichytrium sarkarianum SEK364 genomic DNA
extracted by using the method of Example 3-2 was extracted,
and the genome was decoded.

A forward oligonucleotide (PsTaELO2 F1; 5'-CCT TCG
GCG CTC CTC TTA TGT ATG T-3") (SEQ ID NO: 67) and
areverse oligonucleotide (PsTaELO2 R2; 5'-CAA TGC AAG
AGG CGA ACT GGG AGA G-3") (SEQ ID NO: 68) were
synthesized by targeting a conserved region in the C20 elon-
gase gene. The oligonucleotides PsTaELO2 F1 and
PsTaELLO2 R2 were then used for a PCR performed with an
LA taq Hot start version (TaKaRa) using the Parietichytrium
sarkarianum SEK364 genomic DNA prepared by using the
method of Example 3-2 as a template [PCR cycles: 98° C. 1
min/98° C. 10 sec, 60° C. 30 sec, 72° C. 1 min, 30 cycles/72°
C. 7 min/4° C. o). The resulting specific amplification prod-
uct was gel purified, and the base sequence was analyzed by
direct sequencing. The sequence showed significant homol-
ogy with the sequence of a known C20 elongase gene, sug-
gesting that the sequence was a partial sequence of the Pari-
etichytrium sarkarianum SEK364-derived C20 elongase
gene.

10

15

20

25

30

35

40

45

50

55

60

65

38

This was followed by cloning of the Parietichytrium
sarkarianum SEK364-derived C20 elongase gene by 3'- and
5'-RACE, as in Example 2-2. First, forward oligonucleotide
primers (PSRACE F1; 5'-TGG GGC TCT GGA ACC GCT
GCT TAC G-3") (SEQ ID NO: 69) and (PsRACE F2; 5'-CTT
CCA GCT CTC CCA GTT CGC CTC T-3") (SEQ ID NO:
70), and reverse oligonucleotide primers (PsSRACE R1;
5'-CGG GTT GTT GAT GTT GAG CGA GGT G-3') (SEQ
IDNO: 71) and (PsRACE R2; 5'-CCC ACG CCA TCC ACG
AGC ACA CCA C-3") (SEQ ID NO: 72) were designed. This
was followed by 3'- and 5'-RACE using a synthetic adapter-
specific oligonucleotide and the oligonucleotide PsSRACE F1
or PsRACE R1, using the cDNA library created with the
SMART™ RACE ¢DNA Amplification Kit (Clontech) as a
template [PCR cycles: 94° C. 30 sec 5 cycles/94° C. 30 sec,
70° C.30sec, 72° C. 3 min, 5 cycles/94° C. 30 sec, 68° C. 30
sec, 72° C. 3 min, 25 cycles/4° C. oo]. By using the resulting
both RACE products as templates, a nested PCR was per-
formed using a synthetic adapter-specific oligonucleotide,
and the oligonucleotide PsSRACE F2 or PsRACE R2 [PCR
cycles: 94° C. 1 min/94° C.30sec, 68° C.30sec, 72° C.3 min,
25 cycles/72° C. 10 min/4° C. «]. The resulting specific
product was gel purified, and the base sequence was analyzed
after being TA cloned with a pGEM-T easy Vector (Promega).
The result confirmed that the product was a Parietichytrium
sarkarianum SEK364-derived C20 elongase gene.

A sequence (957 bp, SEQ ID NO: 73) containing the C20
elongase gene sequence was amplified with an LA taq Hot
start version (Takara Bio), using the Parietichytrium genomic
DNA extracted by using the method of Example 3-2 as a
template. The PCR primers used are as follows. RHO153
contains a start codon, and has a BamHI site as a linker
sequence. RHO154 contains a stop codon, and has a BamHI
site as a linker sequence [RHO153: 32 mer: 5'-CCC GGA
TCCATG GCA GCT CGC GTG GAG AAA CA-3'(SEQID
NO: 74), RHO154: 33 mer: 5'-CCC GGA TCC TTA CTG
AGC CTT CTT GGA GGT CTC-3' (SEQ ID NO: 75)] [PCR
cycles: 98° C.2min/98° C. 10sec, 68° C. 1 min, 30 cycles/68°
C. 2 min].

The resulting DNA fragment was cloned into a pGEM-T
easy vector, and amplified with Escherichia coli. Then, the
sequence was confirmed with a Dye Terminator Cycle
Sequencing Kit (BECKMAN COULTER).

The 936-bp Parietichytrium C20 elongase gene (SEQ ID
NO: 76) was cloned, and named pRH80 (FIG. 16). The amino
acid sequence is represented by SEQ ID NO: 77.

Example 3-5

Production of Base Plasmid for Parietichytrium C20
Elongase Gene Targeting Vector Production

By using the pRH80 produced in Example 3-4 (FIG. 16) as
a template, amplification was performed with a PrimeSTAR
Max DNA Polymerase (Takara Bio), using a primer set of the
reverse orientation prepared for the insertion of the BgllI site
in a portion halfway along the C20 elongase gene sequence.
The PCR primers used were as follows, and the both primers
have BglII linker sequences [RHO155: 26 mer: 5'-ACA AAG
ATC TCG ACT GGA CCG ACA CC-3' (SEQ ID NO: 78),
RHO156: 27 mer: 5'-AGT CGA GAT CTT TGT CAG GAG
GTG GAC-3' (SEQ ID NO: 79)] [PCR cycles: 98° C. 2
min/98° C. 10 sec, 56° C. 15 sec, 72° C. 1 min, 30 cycles/72°
C. 1 min]. After the amplification under these conditions, the
product was digested with BgllIl, and allowed to self-ligate.
The ligated sample was amplified with Escherichia coli, and
the sequence was confirmed by using a Dye Terminator Cycle
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Sequencing Kit (BECKMAN COULTER). This was named
pRH83. The 935-bp C20 elongase gene sequence with the
inserted Bglll site is represented by SEQ ID NO: 80.

The produced base plasmid (pRHS83) for Parietichytrium
C20 elongase gene targeting vector production is shown in
FIG. 17.

Example 3-6

Production of Targeting Vectors (Artificial
Neomycin-Resistant Gene and
Hygromycin-Resistant Gene)

The pRH31 (FIG. 13) of Example 3-2 was digested with
Bglll, and a DNA fragment containing an artificial neomycin-
resistant gene cassette was ligated to the Bglll site of the
pRH83 (FIG. 17) of Example 3-5. This was named pRHS8S5.

The pRH32 (FIG. 15) of Example 3-3 was digested with
Bglll, and a DNA fragment containing a hygromycin-resis-
tant gene cassette was ligated to the BgllI site of the pRH83
(FIG. 17) of Example 3-5. This was named pRH86.

The two targeting vectors (pRH85 and 86) produced are
shown in FIG. 18.

Example 3-7
Introduction of C20 Flongase Gene Targeting Vector

By using the two targeting vectors produced in Example
3-6 as templates, the gene was amplified with a PrimeSTAR
Max DNA polymerase (Takara Bio), using the RHO153 (Ex-
ample 3-4; SEQID NO: 74) and RHO154 (Example 3-4; SEQ
ID NO: 75) as primers [PCR cycles: 98° C. 2 min/98° C. 30
sec, 68° C. 2 min, 30 cycles/68° C. 2 min]. After being
extracted with phenol-chloroform and then with chloroform,
the DNA was precipitated with ethanol, and the precipitate
was dissolved in 0.1xTE. The DNA concentration was then
calculated by measuring A260/280. The introduced fragment
obtained from using the pRHS8S5 (FIG. 18) of Example 3-6 as
a template was 2,661 bp, and had the following sequence
order: First half of Parietichytrium C20 elongase gene-SV40
terminator sequence-artificial neomycin-resistant gene
sequence-ubiquitin promoter sequence-second half of Pari-
etichytrium C20 elongase gene (SEQ ID NO: 81). The intro-
duced fragment obtained from using the pRH86 (FIG. 18) of
Example 3-6 as a template was 2,892 bp, and had the follow-
ing sequence order: First half of Parietichytrium C20 elon-
gase gene-SV40 terminator sequence-hygromycin-resistant
gene sequence-ubiquitin promoter sequence-second half of
Parietichytrium C20 elongase gene (SEQ ID NO: 82).

The Parietichytrium sarkarianum SEK364 strain was cul-
tured in a GY medium for 4 days, and cells in the logarithmic
growth phase were used for gene introduction. The DNA
fragment (0.625 pg) was then introduced into cells corre-
sponding to OD600=1 to 1.5 using the gene-gun technique
(microcarrier: 0.6-micron gold particles, target distance: 6
cm, chamber vacuum: 26 mmHg, rupture disk: 1,550 PSI).
After a 24-hour recovery time, the cells with the introduced
gene were applied onto a PDA agar plate medium (containing
2 mg/ml G418 or 2 mg/ml hygromycin). As a result, 10 to 20
drug resistant strains were obtained per penetration.

Example 3-8

Identification of C20 Elongase Gene Gene Targeting
Homologous Recombinant

Genomic DNA was extracted from the Parietichytrium
sarkarianum SEK364 strain, the C20 elongase gene hetero
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homologous recombinant, and the C20 elongase gene homo
homologous recombinant (gene disrupted strain) by using the
method described in Example 3-2, and the DNA concentra-
tion was calculated by measuring A260/280. By using this as
a template, a PCR was performed with an LA taq Hot start
version (Takara Bio) to confirm the genome structure. The
positions of the primers, combinations used for the amplifi-
cation, and the expected sizes of the amplification products
are shown in FIG. 19. RHO184 and RHO185 were set on the
upstream and downstream sides, respectively, of the C20
elongase. RHO142 and RHO143 were set on the artificial
neomycin-resistant gene. RHO140 and RHO141 were set on
the hygromycin-resistant gene [RHO140: 20 mer: 5'-GGT
TGA CGG CAA TTT CGA TG-3' (SEQ ID NO: 83),
RHO141: 22 mer: 5-CCT CCT ACA TCG AAG CTG AAA
G-3'(SEQIDNO: 84), RHO142: 21 mer: 5'-CTT CTC GGG
CTT TAT CGA CTG-3' (SEQ ID NO: 85), RHO143: 22 mer:
5'-TAA GGT CGG TCT TGA CAA ACA G-3' (SEQ ID NO:
86), RHO184: 24 mer: 5'-AGT AGT CCC CGA TTT GGT
AGT TGA-3' (SEQ ID NO: 87), RHO185: 22 mer: 5'-GGC
AGA GAG CAA AAA CAC GAG C-3' (SEQ ID NO: 88)]
[PCR cycles: 98° C. 2 min/98° C. 10 sec, 68° C. 4 min, 30
cycles/68° C. 7 min].

C20 elongase knockout strains were obtained that showed
no amplification of the wild-type allele (Wt allele) and the
artificial neomycin-resistant gene allele (NeoR allele) and the
hygromycin-resistant gene allele (HygR allele) (FIG. 20).

Example 3-9

Changes in Fatty Acid Composition by C20
Elongase Disruption

Parietichytrium sarkarianum SEK364, and the gene dis-
rupted strains were cultured in GY media. Cells from the late
stage of the logarithmic growth phase were centrifuged at 4°
C., 3,000 rpm for 10 min to form a pellet, suspended in 0.9%
NaCl, and washed. The cells were further centrifuged at4° C.,
3,000 rpm for 10 min, and the pellet was suspended in sterile
water, and washed. After further centrifugation at 3,000 rpm
for 10 min, the cells were freeze dried after removing the
supernatant.

Then, 2 ml of methanolic KOH (7.5% KOH in 95% metha-
nol) was added to the freeze dried cells, and, after being
vortexed, the cells were ultrasonically disrupted (80° C., 30
min). The cells were vortexed after adding sterile water (500
ul), and vortexed again after adding n-hexane (2 ml). This was
followed by centrifugation at 3,000 rpm for 10 min, and the
upper layer was discarded. The cells were vortexed again
after adding n-hexane (2 ml), and centrifuged at 3,000 rpm for
10 min. After discarding the upper layer, 6 N HCI1 (1 ml) was
added to the remaining lower layer, and the mixture was
vortexed. The mixture was vortexed again after adding n-hex-
ane (2 ml). This was followed by centrifugation at 3,000 rpm
for 10 min, and the upper layer was collected. The mixture
was further vortexed after adding n-hexane (2 ml), centri-
fuged at 3,000 rpm for 10 min, and the upper layer was
collected. The collected upper layer was then concentrated
and dried with nitrogen gas. The concentrated dry sample was
incubated overnight at 80° C. after adding 3 N methanolic
HCI (2 ml).

The sample was allowed to cool to room temperature, and
0.9% NaCl (1 ml) was added. The mixture was vortexed after
adding n-hexane (2 ml). This was followed by centrifugation
at 3,000 rpm for 10 min, and the upper layer was collected.
The mixture was further vortexed after adding n-hexane (2
ml), centrifuged at 3,000 rpm for 10 min, and the upper layer
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was collected. After adding a small amount of anhydrous
sodium sulfate to the collected upper layer, the mixture was
vortexed, and centrifuged at 3,000 rpm for 10 min. After
collecting the upper layer, the upper layer was concentrated
and dried with nitrogen gas. The concentrated dry sample was
dissolved in n-hexane (0.5 ml), and 1 pl of the sample was GC
analyzed. The GC analysis was performed with a gas chro-
matograph GC-2014 (Shimadzu Corporation) under the fol-
lowing conditions:

Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemical
Industries [.td.)

Column temperature: 150° C.—(5° C./min)—220° C. (10
min)

Carrier gas: He (1.3 m[/min).

As a result, knocking out the C20 elongase in the Pariet-
ichytrium sarkarianum SEK364 caused reduction of fatty
acids of 22 or greater carbon chain length, and increased fatty
acids of 20 carbon chain length (FIG. 21). FIG. 22 represents
the proportions relative to the wild-type strain taken as 100%.
As can be seen from these results, the arachidonic acid
increased about ten-fold, and the EPA showed about an eight-
fold increase. The DPA and DHA reduced to about ¥4 and
about %5, respectively.

Example 4

Disruption of Thraustochytrium aureum PUFA PKS
Pathway-Associated Gene OrfA

Example 4-1

Cloning of PUFA PKS Pathway-Associated Gene
OrfA Upstream Sequence

Genomic DNA was extracted from the Thraustochytrium
aureum ATCC 34304 by using the method described in
Example 3-2, and the DNA concentration was calculated by
measuring A260/280. By using this, a genome cassette library
was produced with an LA PCR™ in vitro Cloning Kit (Takara
Bio). A PCR lower primer [RHO20: 23mer: 5'-CGA TGA
AAGGTCACA GAA GAGTC-3' (SEQID NO: 89)] was set
on the PUFA PKS pathway-associated gene OrfA described
in Patent Document 7, and the DNA was amplified by using
this primer in combination with the cassette primer attached
to the kit [ 1st PCR cycles: 98° C. 2 min/98° C. 30 sec, 56° C.
30 sec, 72° C. 4 min, 30 cycles/72° C. 5 min]. The 1st PCR
amplification product was diluted 100 times, and amplified
with the PCR lower primer [RHO20] and the nested primer
attached to the kit [2nd PCR cycles: 98° C. 2 min/98° C. 30
sec, 56° C.30sec, 72° C. 4 min, 30 cycles/72° C. 5 min]. The
resulting DNA fragment was cloned into a pGEM-T easy
vector, amplified with Escherichia coli, and the sequence was
confirmed by using a Dye Terminator Cycle Sequencing Kit
(BECKMAN COULTER).

The 3,377-bp (SEQ ID NO: 91) DNA fragment containing
the upstream 3,181 bp (SEQ ID NO: 90) of OrfA was cloned.
The OrfA upstream DNA sequence was found to be 3,181 bp.

Example 4-2

Cloning of PUFA PKS Pathway-Associated Gene
OrfA Downstream Sequence

The genome cassette library produced in Example 4-1 was
used as a template. The DNA was amplified by using the
method described in Example 4-1, using a PCR upper primer
[RHO21: 21mer: 5'-CAG GGC GAG CGA GTG TGG TTC-
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3' (SEQ ID NO: 92)] set on the PUFA PKS pathway-associ-
ated gene OrfA described in Patent Document 7. The result-
ing DNA fragment was cloned into a pGEM-T easy vector,
amplified with Escherichia coli, and the sequence was con-
firmed by using a Dye Terminator Cycle Sequencing Kit
(BECKMAN COULTER). The 1,204-bp DNA fragment
(SEQ ID NO: 94) containing the downstream 1,160 bp (SEQ
ID NO: 93) of OrfA was cloned.

The DNA was amplified by using the method described in
Example 4-1 using the PCR upper primer [RHO28: 20mer:
5'-TGA TGC CGA TGC TAC AAA AG-3' (SEQ ID NO: 95]
produced on SEQ ID NO: 94. The resulting DNA fragment
was cloned into a pGEM-T easy vector, amplified with
Escherichia coli, and the sequence was confirmed by using a
Dye Terminator Cycle Sequencing Kit (BECKMAN
COULTER).

The 1, 488-bp DNA fragment (SEQ ID NO: 96) containing
the downstream sequence was cloned. The downstream DNA
sequence of OrfA was found to be 2,551 bp in total (SEQ ID
NO: 97).

Example 4-3

Production of PUFA PKS Pathway-Associated Gene
OrfA Targeting Vector

By using the genomic DNA of Thraustochytrium aureum
ATCC 34304 as atemplate, an 18S rDNA sequence (1,835 bp,
SEQ ID NO: 98) was amplified with a PrimeSTAR HS DNA
polymerase (Takara Bio). The PCR primers used are as fol-
lows. TMO30 was set on the 18S rDNA sequence. TMO31
contains the 18S rDNA sequence and an EFla promoter
sequence [TMO30: 30mer: 5'-CGA ATA TTC CTG GTT
GAT CCT GCC AGT AGT-3' (SEQ ID NO: 99), TMO31:
46mer: 5'-GTA ACG GCT TTT TTT GAA TTG CAG GTT
CAC TAC GCT TGT TAG AAA C-3' (SEQ ID NO: 100)]
[PCR cycles: 98° C. 10 sec/98° C. 10 sec, 58° C. 30 sec, 72°
C. 2 min, 30 cycles/72° C. 2 min]. Separately, by using the
Thraustochytrium aureum ATCC 34304 genomic DNA as a
template, the EF la. promoter sequence (661 bp, SEQ ID NO:
101) was amplified with a PrimeSTAR HS DNA polymerase
(Takara Bio). The PCR primers used are as follows. TMO32
contains the 18S rDNA sequence and the EFla promoter
sequence. TMO33 contains the EF 1 promoter sequence and
an artificial neomycin-resistant gene sequence [TMO32:
46mer: 5-GGT TTC CGT AGT GAA CCT GCA ATT CAA
AAA AAG CCG TTA CTC ACA T-3' (SEQ ID NO: 102),
TMO33: 46mer: 5'-GCG TGA AGG CCG TCC TGT TCA
ATCATCTAG CCTTCCTTT GCCGCT G-3' (SEQ ID NO:
103)] [PCR cycles: 98° C. 10sec/98° C. 10sec, 58° C. 30sec,
72° C. 1 min, 30 cycles/72° C. 1 min].

By using the artificial neomycin-resistant gene as a tem-
plate, the artificial neomycin-resistant gene sequence (835
bp, SEQ ID NO: 104) was amplified with a PrimeSTAR HS
DNA polymerase (Takara Bio). The PCR primers used are as
follows. TMO34 contains the EF1a promoter sequence and
the artificial neomycin-resistant gene sequence. TMO35 con-
tains the artificial neomycin-resistant gene sequence and the
EFla terminator sequence [TMO34: 45mer: 5'-CAT CGG
CAAAGGAAGGCTAGATGATTGAACAGGACG GCC
TTC ACG-3' (SEQ ID NO: 105), TMO 35: 46mer: 5'-GCG
CATAGC CGG CGCGGATCT CAAAAGAACTCGTCC
AGGAGG CGGT-3' (SEQIDNO: 106)] [PCR cycles: 98° C.
10 sec/98° C. 10 sec, 58° C. 30 sec, 72° C. 1 min, 30 cycles/
72° C. 1 min].

Further, by using the Thraustochytrium aureum ATCC
34304 genomic DNA as a template, the EFla terminator
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sequence (1249 bp, SEQ ID NO: 107) was amplified with a
PrimeSTAR HS DNA polymerase (Takara Bio). The PCR
primers used are as follows. TMO36 contains the artificial
neomycin-resistant gene sequence and the EF1a terminator
sequence. TMO37 was set within the EFla terminator
[TMO36: 46mer: 5'-TCC TGG ACG AGT TCT TTT GAG
ATC CGC GCC GGC TAT GCG CCC GTG C-3' (SEQ ID
NO: 108), TMO37: 30mer: 5'-CAC TGC AGC GAA AGA
CGG GCC GTA AGG ACG-3' (SEQ ID NO: 109)] [PCR
cycles: 98° C. 10 sec/98° C. 10 sec, 58° C. 30 sec, 72° C. 2
min, 30 cycles/72° C. 2 min].

By using SEQ ID NOS: 98, 101, 104, and 107 as templates,
a fusion PCR was performed according to the method
described in Non-Patent Document 19. An LA taq Hot start
version (Takara Bio) was used as the enzyme. The TMO30
(SEQIDNO: 99) and TMO33 (SEQID NO: 103) set, and the
TMO34 (SEQ ID NO: 105) and TMO37 (SEQ ID NO: 109)
set were used for the firstamplification. The TMO30 (SEQ ID
NO: 99) and TMO37 (SEQ ID NO: 109) set was used for the
second amplification. The PCR reaction was performed at a
denature temperature of 98° C. for 10 seconds, and the
annealing and the extension reaction were appropriately
adjusted according to the primer Tm value and the amplifi-
cation fragment length (FIG. 23).

The DNA fragment (FIG. 23, SEQ ID NO: 110, 4,453 bp)
joined as above was cut at the EcoRI site of the 7. aureum 18S
rDNA, and the Ncol site of the 7 aureum EF1c. terminator,
and ligated to apGEM-T easy vector-derived vector. This was
named pRHS (FIG. 24).

By using the Thraustochytrium aureum ATCC 34304
genomic DNA as a template, the DNA was amplified with a
PrimeSTAR HS DNA polymerase with GC Buffer (Takara
Bio), using PCR primers set in the upstream sequence found
in Example 4-1 (SEQ ID NO: 90, and PUFA PKS pathway-
associated gene OrfA described in Patent Document 7). The
amplification yielded a 1,218-bp DNA fragment (SEQ ID
NO: 111). This was used as the 5' homologous region of the
targeting vector. The PCR primers used are as follows. An
EcoRI site or a HindIII site was added as a linker sequence
[RHO33: 32mer: 5'-CCC GAA TTC GGA CGA TGA CTG
ACT GAC TGA TT-3' (SEQ ID NO: 112), RHO34: 28mer:
5'-CCC AAG CTT GTC TGC CTC GGC TCT TGG T-3'
(SEQ ID NO: 113)] [PCR cycles: 98° C. 2 min/98° C. 30 sec,
57° C. 30 sec, 72° C. 1 min, 30 cycles/72° C. 3 min].

By using the Thraustochytrium aureum ATCC 34304
genomic DNA as a template, the DNA was amplified with a
PrimeSTAR HS DNA polymerase with GC Buffer (Takara
Bio) using the PCR primers set in the downstream sequence
(SEQ ID NO: 97) found in Example 4-2. The amplification
yielded a 1,000-bp DNA fragment (SEQ ID NO: 114). This
was used as the 3' homologous region of the targeting vector.
The PCR primers used are as follows. A linker sequence Neol
site was added to the both primers [RHO29: 28mer: 5'-CCC
CCA TGG TGT TGC TGT GGG ATT GGT C-3' (SEQ ID
NO: 115), RHO30: 30mer: 5-CCC CCA TGG CTC GGT
TAC ATC TCT GAG GAA-3' (SEQ ID NO: 116)] [PCR
cycles: 98°C. 2 min/98°C.30sec, 57°C.30sec, 72° C. 1 min,
30 cycles/72° C. 3 min].

The amplified upstream sequence was joined to the EcoRI
site and the HindIII site in the pRHS of FIG. 24. The amplified
downstream sequence was joined to the Ncol site. This vector
was named pRH21.

The produced targeting vector (pRH21) using the artificial
neomycin-resistant gene is shown in FIG. 25.
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Example 4-4

Production of PUFA PKS Pathway-Associated Gene
OrfA Targeting Vector (Hygromycin-Resistant Gene)

By using the pRH32 (FIG. 15) of Example 3-3 as a tem-
plate, a ubiquitin promoter-hygromycin-resistant gene frag-
ment (1,632 bp, SEQ ID NO: 117) was amplified with a
PrimeSTAR HS DNA polymerase with GC Buffer (Takara
Bio). The PCR primers used are as follows. RHOS59 was set
on the ubiquitin promoter, and a linker sequence HindIII site
was added. RHOG60 contains a hygromycin-resistant gene
sequence stop codon, and has linker sequences Sphl and Sall
[RHOS59: 36mer: 5'-CCC AAG CTT GCC GCA GCG CCT
GGT GCA CCC GCC GGG-3' (SEQ ID NO: 118), RHO60:
43mer: 5'-CCC GCA TGC GTC GAC TAT TCC TTT GCC
CTC GGA CGA GTG CTG G-3' (SEQ ID NO: 119)] [PCR
cycles: 98° C. 2min/98° C.30sec, 68° C. 2 min, 30 cycles/68°
C. 2 min].

The amplified fragment was joined to the HindIIl and Sphl
sites of the pRH21 (FIG. 25) of Example 4-3 (FIG. 26,
pRH30).

By using the Thraustochytrium aureum ATCC 34304
genomic DNA as a template, the gene was amplified with a
PrimeSTAR HS DNA polymerase with GC Buffer (Takara
Bio) using the PCR primers produced in the downstream
sequence (SEQ ID NO: 97) found in Example 4-2. The ampli-
fication yielded a 1,000-bp DNA fragment (SEQ ID NO:
120). This was used as the 3' homologous region of the tar-
geting vector. The PCR primers used are as follows. A linker
sequence Sall site was added to the both primers [RHO61:
29mer: 5'-CCC GTC GAC GTG TTG CTG TGG GAT TGG
TC-3' (SEQ ID NO: 121), RHO62: 29mer: 5'-CCC GTC
GAC TCG GTT ACA TCT CTG AGG AA-3' (SEQ ID NO:
122)] [PCR cycles: 98° C. 2 min/98° C. 30 sec, 57° C. 30 sec,
72° C. 1 min, 30 cycles/72° C. 3 min].

The amplified downstream sequence was joined to the Sall
site of pRH30 (FIG. 26). This was named pRH33. The pro-
duced targeting vector (pRH33) using the hygromycin-resis-
tant gene is shown in FIG. 27.

Example 4-5

Introduction of PUFA PKS Pathway-Associated
Gene OrfA Targeting Vector

By using the targeting vectors produced in Examples 4-3
and 4-4 as templates, the gene was amplified with a Prime-
STAR Max DNA polymerase (Takara Bio) using the RHO30
(Example 4-3; SEQ ID NO: 116) and RHO33 (Example 4-3;
SEQ ID NO: 112) as primers [PCR cycles: 98° C. 2 min/98°
C.30sec, 60°C.30sec, 72° C. 1 min, 30 cycles/72° C.3 min].
After being extracted with phenol-chloroform and then with
chloroform, the DNA was precipitated with ethanol, and the
precipitate was dissolved in 0.1xTE. The DNA concentration
was calculated by measuring A260/280. The introduced frag-
ment obtained from using the pRH21 (FIG. 25) of Example
4-3 as a template was 3,705 bp, and had the following
sequence order: Thraustochytrium aureum OrfA gene
upstream-EF la. promoter sequence-artificial neomycin-re-
sistant gene sequence-7hraustochytrium aureum OrfA gene
downstream (SEQ ID NO: 123). The introduced fragment
obtained from using the pRH33 (FIG. 27) of Example 4-4 as
a template was 3,826 bp, and had the following sequence
order: Upstream of Thraustochytrium aureum OrfA gene-
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ubiquitin promoter sequence-hygromycin-resistant gene
sequence-downstream of Thraustochytrium aureum OrfA
gene (SEQ ID NO: 124).

The Thraustochytrium aureum ATCC 34304 strain was
cultured in a GY medium for 4 days, and cells in the logarith-
mic growth phase were used for gene introduction. The DNA
fragment (0.625 pg) was then introduced into cells corre-
sponding to OD600=1 to 1.5 using the gene-gun technique
(microcarrier: 0.6-micron gold particles, target distance: 6
cm, chamber vacuum: 26 mmHg, rupture disk: 1,100 PSI).
After a 4- to 6-hour recovery time, the cells with the intro-
duced gene were applied onto a PDA agar plate medium
(containing 2 mg/ml G418 or 2 mg/ml hygromycin). As a
result, 100 to 200 drug resistant strains were obtained per
penetration.

Example 4-6

Identification of PUFA PKS Pathway-Associated
Gene OrfA Gene Targeting Homologous
Recombinant

Genomic DNA was extracted from the Thraustochytrium
aureum ATCC 34304, the hetero homologous recombinant,
and the homo homologous recombinant (PKS pathway-asso-
ciated gene disrupted strain) by using the method described in
Example 3-2. The DNA concentration was calculated by
measuring A260/280.

The genomic DNA was cut with restriction enzymes, and
electrophoresed in about 2 to 3 pg per well with a 0.7%
SeaKem GTG agarose gel (Takara Bio). This was transferred
to a nylon membrane, and hybridized at 54° C. for 16 hours
with the probes produced by using a DIG system (Roche
Applied Science). The following primers were used for the
probe production.

5" end [RHO37: 22mer: 5'-GAA GCG TCC CGT AGA
TGT GGT C-3' (SEQ ID NO: 125), RHO38: 21mer: 5'-GCC
CGA GAG GTC AAA GTA CGC-3' (SEQ ID NO: 126)]

3" end [RHO39: 20mer: 5'-GCG AGC CCA GGT CCA
CTT GC-3'(SEQIDNO: 127), RHO40: 22mer: 5'-CAG CCC
GAT GAA AAA CTT GGT C-3' (SEQ ID NO: 128)]

PCR cycles: 98° C. 2 min/98° C. 30 sec, 60° C. 30 sec, 72°
C. 2 min, 30 cycles/72° C. 3 min

The restriction enzymes used and the probe positions are as
shown in FIG. 28. Detection of the hybridized probes was
made by using the chromogenic method (NBT/BCIP solu-
tion).

Bands of the sizes expected from the homologous recom-
bination of the drug resistant genes were observed in the
analyses of both the 5' end and the 3' end (FIG. 29).

Example 4-7

Changes in Fatty Acid Composition by Disruption of
PUFA PKS Pathway-Associated Gene OrfA

The Thraustochytrium aureum ATCC 34304 and the gene
disrupted strain were cultured and freeze dried according to
the methods of Example 3-9, and the fatty acids were methy-
lesterificated, and GC analyzed.

FIG. 30 represents changes in fatty acid composition. FIG.
31 represents the proportions relative to the wild-type strain
taken as 100%. As can be seen from these results, disrupting
the PUFA PKS pathway-associated gene OrfA in the Thraus-
tochytrium aureum tended to increase the DPA (C22: 5n-6)
and decrease the DHA (C22: 6n-3).
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Example 5

Disruption of C20 Elongase Gene in
Thraustochytrium aureum OrfA Disrupted Strain

Example 5-1

Cloning of Upstream Sequence of Thraustochytrium
aureum C20 Elongase Gene

The genome cassette library produced in Example 4-1 was
used as a template. A PCR lower primer [RHO71: 22mer:
5'-GGG AGC GCA GGG AAA ACG GTCT-3' (SEQID NO:
129)] was produced on the C20 elongase gene upstream
sequence (SEQID NO: 24) of Example 2-5, and the gene was
amplified by using this primer with the cassette primer
attached to the kit used in Example 4-1 [1st PCR cycles: 98°
C. 2 min/98° C. 30 sec, 56° C. 30 sec, 72° C. 4 min, 30
cycles/72° C. 5 min]. The 1st PCR amplification product was
diluted 100 times, and the gene was amplified by using the
PCR lower primer [RHO72: 20mer: 5'-CCA GCC CAC GTC
GTC GGA GC-3' (SEQ ID NO: 130)] with the nested primer
attached to the kit used in Example 4-1 [2nd PCR cycles: 98°
C. 2 min/98° C. 30 sec, 56° C. 30 sec, 72° C. 4 min, 30
cycles/72° C. 5 min]. The resulting DNA fragment was
cloned into a pGEM-T easy vector, amplified with Escheri-
chia coli, and the sequence was confirmed by using a Dye
Terminator Cycle Sequencing Kit (BECKMAN COULTER).

The 2,297-bp DNA fragment (SEQ ID NO: 131) contain-
ing the upstream -3,277 bp to =981 bp region of the C20
elongase gene was cloned.

Example 5-2

Cloning of C20 Elongase Gene Downstream
Sequence

The genome cassette library produced in Example 4-1 was
used as a template. A PCR upper primer [RHO87: 23 mer:
5'-GCC GCT CAT GCC CAC GCTCAAAC-3' (SEQIDNO:
132)] was produced on the C20 elongase gene downstream
sequence (SEQID NO: 25) of Example 2-5, and the gene was
amplified by using this primer with the cassette primer
attached to the kit used in Example 4-1 [1st PCR cycles: 98°
C. 2 min/98° C. 30 sec, 56° C. 30 sec, 72° C. 4 min, 30
cycles/72° C. 5 min]. The 1st PCR amplification product was
diluted 100 times, and the gene was amplified by using the
PCR lower primer [RHO73: 23 mer: 5'-CTT TCG GCT GCC
AGG AAT CTA CG-3' (SEQ ID NO: 133)] with the nested
primer attached to the kit used in Example 4-1 [2nd PCR
cycles: 98° C. 2min/98° C.30sec, 56° C.30sec, 72° C. 4 min,
30 cycles/72° C. 5 min]. The resulting DNA fragment was
cloned into a pGEM-T easy vector, amplified with Escheri-
chia coli, and the sequence was confirmed by using a Dye
Terminator Cycle Sequencing Kit (BECKMAN COULTER).

The 2,189-bp DNA fragment (SEQ ID NO: 134) contain-
ing the downstream 1,106 bp to 3,294 bp region of the C20
elongase gene was cloned.

Example 5-3
Production of Blasticidin-Resistant Gene Cassette

A ubiquitin promoter sequence (618 bp, SEQ ID NO:135)
was amplified with a PrimeSTAR HS DNA polymerase with
GC Buffer (Takara Bio), using the Thraustochytrium aureum
ATCC 34304 genomic DNA as a template. The PCR primers
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used are as follows. RHOS3 was set on the ubiquitin promoter
sequence, and contains a BgllI linker sequence (Example 3-2,
SEQ ID NO: 55). RHOA48 contains the ubiquitin promoter
sequence and a blasticidin-resistant gene sequence [RHO48:
58mer: 5-CTT CTT GAG ACA AAG GCT TGG CCA TGT
TGG CTA GTG TTG CTT AGG TCG CTT GCT GCT G-3'
(SEQ ID NO: 136)] [PCR cycles: 98° C.2 min/98° C. 10 sec,
68° C. 1 min, 30 cycles/68° C. 1 min].

By using pTracer-CMV/Bsd/lacZ as a template, the blas-
ticidin-resistant gene (432 bp, SEQ ID NO: 137) was ampli-
fied with a PrimeSTAR HS DNA polymerase with GC Buffer.
The PCR primers used are as follows. RHO47 contains the
ubiquitin promoter sequence and the blasticidin-resistant
gene sequence. RHO49 contains the blasticidin-resistant
gene sequence, and has a BglIl linker sequence [RHO47:
S54mer:5'-AGC GAC CTA AGC AAC ACT AGC CAA CAT
GGC CAAGCCTTT GTCTCA AGA AGA ATC-3'(SEQID
NO: 138), RHO49: 38mer: 5'-CCC AGA TCT TAG CCC
TCC CAC ACA TAA CCA GAG GGC AG-3' (SEQ ID NO:
139)] [PCR cycles: 98° C. 2 min/98° C. 10 sec, 68° C. 1 min,
30 cycles/68° C. 1 min].

By using SEQ ID NOS: 135 and 137 as templates, a fusion
PCR was performed with RHOS53 (Example 3-2, SEQ ID NO:
55) and RHO49 (SEQ ID NO: 139) according to the method
described in Non-Patent Document 19. An LA taq Hot start
version (Takara Bio) was used as the enzyme. After the ampli-
fication performed under the following conditions, the prod-
uct was digested with BglII [PCR cycles: 94° C. 2 min/94° C.
20sec, 55° C. 30 sec, 68° C. 1 min, 30 cycles/68° C. 1 min (1°
C./10 sec from 55° C. to 68° C.)] (FIG. 32).

The fused Thraustochytrium aureum ATCC 34304-derived
ubiquitin promoter-pTracer-CMV/Bsd/lacZ-derived blastici-
din-resistant gene (1,000 bp, SEQ ID NO: 140) was digested
with Bglll, and ligated to the BamHI site of the pRH27 (FIG.
11) of Example 3-1. The resulting plasmid was amplified with
Escherichia coli, and the sequence was confirmed by using a
Dye Terminator Cycle Sequencing Kit (BECKMAN
COULTER). This was named pRH38.

The product blasticidin-resistant gene cassette (pRH38) is
shown in FIG. 33.

Example 5-4

Production of GFP-Fused Zeocin-Resistant Gene
Cassette

By using the Thraustochytrium aureum ATCC 34304
genomic DNA as a template, a ubiquitin promoter sequence
(812 bp, SEQ ID NO: 141) was amplified with a PrimeSTAR
HS DNA polymerase with GC Buffer (Takara Bio). The PCR
primers used are as follows. TMO38 was set on the ubiquitin
promoter sequence. TMO?39 contains the ubiquitin promoter
sequence and an enhanced GFP gene sequence [TMO38:
29mer: 5'-TCG GTA CCC GTT AGA ACG CGT AAT ACG
AC-3' (SEQ ID NO: 142), TMO39: 41mer: 5'-TCC TCG
CCC TTG CTC ACC ATG TTG GCT AGT GTT GCT TAG
GT-3' (SEQ ID NO: 143)] [PCR cycles: 98° C. 10 sec/98° C.
10 sec, 58° C. 30 sec, 72° C. 1 min, 30 cycles/72° C. 1 min].

By using the enhanced GFP gene sequence (clontech) as a
template, an enhanced GFP gene sequence (748 bp, SEQ ID
NO: 144) was amplified with a PrimeSTAR HS DNA poly-
merase (Takara Bio). The PCR primers used are as follows.
TMO40 contains the ubiquitin promoter sequence and the
enhanced GFP gene sequence. RHO91 contains the enhanced
GFP sequence and a zeocin-resistant gene sequence
[TMOA40: 41mer: 5'-ACC TAA GCA ACA CTA GCC AAC
ATG GTG AGC AAG GGC GAG GA-3' (SEQ ID NO: 145),
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RHO91: 58mer: 5'-GAA CGG CAC TGG TCA ACT TGG
CGT CCA TGC CGA GAG TGA TCC CGG CGG CGG
TCA CGA A-3' (SEQ ID NO: 146)] [PCR cycles: 98° C. 10
sec/98° C. 10 sec, 58° C. 30 sec, 72° C. 2 min, 30 cycles/72°
C. 2 min].

By using SEQ ID NOS: 141 and 144 as templates, a fusion
PCR was performed with an LA taq Hot start version (Takara
Bio) according to the method described in Non-Patent Docu-
ment 19. TMO38 (SEQ ID NO: 142) and RHO91 (SEQ ID
NO: 146) were used as primers, and the reaction was per-
formed under the following conditions [PCR cycles: 94° C.2
min/94° C. 20 sec, 55° C. 30 sec, 68° C. 2 min, 30 cycles/68°
C.2 min (1° C./10 sec from 55° C. to 68° C.)] (FI1G. 34, 1,519
bp, SEQ ID NO: 147).

By using SEQ ID NO: 147 as a template, the ubiquitin
promoter sequence-enhanced GFP gene sequence (1,319 bp,
SEQ ID NO: 148) was amplified with a PrimeSTAR HS DNA
polymerase (Takara Bio). The primers used are as follows.
RHO53 (Example 3-2, SEQ ID NO: 55) contains the ubig-
uitin promoter sequence, and has a BgllIl site. RHO91 (SEQ
ID NO: 146) contains the enhanced GFP sequence and the
zeocin-resistant gene sequence [PCR cycles: 98° C. 2 min/
98° C. 10 sec, 68° C. 2 min, 30 cycles/68° C. 2 min].

By using pcDNA3.1 Zeo(+) as a template, the zeocin-
resistant gene sequence (408 bp, SEQ ID NO: 149) was
amplified with a PrimeSTAR HS DNA polymerase (Takara
Bio). RHO92 contains the enhanced GFP sequence and the
zeocin-resistant gene sequence. RHO64 contains the zeocin-
resistant gene sequence, and has a Bglll site [RHO92: 54mer:
5'-CGC CGC CGG GAT CAC TCT CGG CAT GGA CGC
CAA GTT GAC CAG TGC CGT TCC GGT-3' (SEQID NO:
150), RHO64: 38mer: 5'-CCC AGA TCT CAG TCC TGC
TCC TCG GCC ACG AAG TGC AC-3' (SEQ ID NO: 151)]
[PCR cycles: 98° C. 2 min/98° C. 10 sec, 68° C. 1 min, 30
cycles/68° C. 1 min)].

By using SEQ ID NOS: 148 and 149 as templates, a fusion
PCR was performed with an LA taq Hot start version (Takara
Bio) according to the method described in Non-Patent Docu-
ment 19. RHOS53 (Example 3-2, SEQ ID NO: 55) and RHO64
(SEQIDNO: 151) were used as primers, and the reaction was
performed under the following conditions [PCR cycles: 94°
C. 2 min/94° C. 20 sec, 68° C. 2 min, 30 cycles/68° C. 2 min
(1° C./10 sec from 55° C. to 68° C.)] (FIG. 35).

The fused Thraustochytrium aureum ATCC 34304-derived
ubiquitin promoter-enhanced GFP gene-pcDNA3.1 Zeo (+)-
derived zeocin-resistant gene (FIG. 35, 1,677 bp, SEQ ID
NO: 152) was digested with Bglll, and ligated to the BamHI
site of the pRH27 (FIG. 11) of Example 3-1. The resulting
plasmid was amplified with FEscherichia coli, and the
sequence was confirmed by using a Dye Terminator Cycle
Sequencing Kit (BECKMAN COULTER). This was named
pRH5I1.

The product GFP-fused zeocin-resistant gene cassette
(pRH51) is shown in FIG. 36.

Example 5-5

Production of Base Plasmid for C20 Elongase Gene
Targeting Vector Production

By using the Thraustochytrium aureum ATCC 34304
genomic DNA as a template, the C20 elongase gene and the
nearby sequences (2,884 bp, SEQ ID NO: 153) were PCR
amplified with a PrimeSTAR HS DNA polymerase (Takara
Bio). The PCR primers used are as follows. The both primers
contain EcoRI linker sequences. KSO9 was set upstream of
the C20 elongase gene (SEQ ID NO: 24), and KSO10 down-
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stream of the C20 elongase gene (SEQ ID NO: 25) [KSO9:
50mer: 5'-CCC GAA TTC ACT AGT GAT TCT CCC GGG
TGG ACC TAG CGC GTG TGT CAC CT-3' (SEQ ID NO:
154), KSO10: 40mer: 5'-CCC GAA TTC GAT TAT CCC
GGG GCC GAG AAC GGG GTC GCC C-3' (SEQ ID NO:
155)][PCR cycles: 98° C.2min/98° C. 10sec, 68° C.3.5 min,
30 cycles/68° C. 10 min]. A PrimeSTAR HS DNA Poly-
merase (Takara Bio) was used as the enzyme. After the ampli-
fication, the product was digested with EcoRI, and cloned into
the EcoRlI site of the pBluescript (SK) (stratagene) vector.
After amplification with Escherichia coli, the sequence was
confirmed by using a Dye Terminator Cycle Sequencing Kit
(BECKMAN COULTER) (FIG. 37).

By using the plasmid of FIG. 37 as a template, amplifica-
tion was performed with a PrimeSTAR Max DNA Poly-
merase (Takara Bio), using a primer set of the reverse orien-
tation prepared for the deletion of the C20 elongase gene
sequence portion and the insertion of a BgllI site (1,939 bp,
SEQ ID NO: 156). The PCR primers used are as follows. The
both primers have Bglll linker sequences [RHO69: 38mer:
5'-CCC AGA TCT ACC TGT TTC CGG CTG GCT CCC
GAG CCA TG-3' (SEQ ID NO: 157), RHO70: 38mer:
5'-CCC AGA TCT GGT CGC GTT TAC AAA GCA GCG
CAG CAA CA-3' (SEQ ID NO: 158)] [PCR cycles: 98° C. 2
min/98° C. 10 sec, 68° C. 1.5 min, 30 cycles/68° C. 1.5 min].
After the amplification performed under these conditions, the
product was digested with BglIl, and allowed to self ligate.
The ligated sample was amplified with Escherichia coli, and
the sequence was confirmed with a Dye Terminator Cycle
Sequencing Kit (BECKMAN COULTER). This was named
pRHA40.

The produced base plasmid (pRH40) for the production of
the C20 elongase gene targeting vector is shown in FIG. 38.

Example 5-6

Production of Targeting Vectors
(Blasticidin-Resistant Gene and GFP-Fused
Zeocin-Resistant Gene)

The pRH38 (FIG. 33) of Example 5-3 was digested with
Bglll, and the DNA fragment containing the blasticidin-re-
sistant gene cassette was ligated to the Bglll site of the pPRH40
(FIG. 38) of Example 5-5. This was named pRH43.

The pRH51 (FIG. 36) of Example 5-4 was digested with
Bglll, and the DNA fragment containing the GFP-fused zeo-
cin-resistant gene cassette was ligated to the BglIl site of the
pRH40 (FIG. 38) of Example 5-5. This was named pRH54.

The two targeting vectors (pRH43 and 54) produced are
shown in FIG. 39.

Example 5-7

Introduction of C20 Flongase Gene Targeting Vector
into Thraustochytrium aureum OrfA Disrupted
Strain

By using the two targeting vectors produced in Example
5-6 as templates, the gene was amplified with a PrimeSTAR
Max DNA polymerase (TakaraBio), using KSOI11 and
KSO12 as primers. KSO11 was set upstream of the 7hraus-
tochytrium aureum C20 elongase gene, and KSO12 down-
stream of the Thraustochytrium aureum C20 elongase gene
[KSO11: 31mer: 5'-CTC CCG GGT GGA CCT AGC GCG
TGT GTC ACC T-3' (SEQ ID NO: 159), KSO12: 27mer:
5'-ATC CCG GGG CCGAGA ACGCCCTCGCCC-3'(SEQ
IDNO: 160)] [PCR cycles: 98° C. 2 min/98° C. 30 sec, 68° C.
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2 min, 30 cycles/68° C. 2 min]. After being extracted with
phenol-chloroform and then with chloroform, the DNA was
precipitated with ethanol, and the precipitate was dissolved in
0.1xTE. The DNA concentration was calculated by measur-
ing A260/280. The introduced fragment obtained from using
the pRH43 (FIG. 39) of Example 5-6 as a template was 3, 215
bp, and had the following sequence order: Upstream of
Thraustochytrium aureum C20 elongase gene-ubiquitin pro-
moter-blasticidin-resistant gene sequence-SV40 terminator
sequence-downstream of Thraustochytrium aureum C20
elongase gene (SEQ ID NO: 161). The introduced fragment
obtained from using the pRH54 (FIG. 39) of Example 5-6 as
a template was 3,887 bp, and had the following sequence
order: Upstream of Thraustochytrium aureum C20 elongase
gene-ubiquitin promoter-enhanced GFP gene sequence-zeo-
cin-resistant gene sequence-SV40 terminator sequence-
downstream of Thraustochytrium aureum C20 elongase gene
(SEQID NO: 162).

The disrupted strain of the PUFA PKS pathway-associated
gene OrfA gene described in Example 4 was cultured ina GY
medium for 4 days, and cells in the logarithmic growth phase
were used for gene introduction. The DNA fragment (0.625
ng) was then introduced into cells corresponding to OD600=1
to 1.5 using the gene-gun technique (microcarrier: 0.6-mi-
cron gold particles, target distance: 6 cm, chamber vacuum:
26 mmHg, rupture disk: 1,100 PSI). After a 4- to 6-hour
recovery time, the cells with the introduced gene were applied
onto a PDA agar plate medium (containing 2 mg/ml G418 or
2 mg/ml hygromycin). As a result, 100 to 200 drug resistant
strains were obtained per penetration.

Example 5-8

Identification of C20 Elongase Gene Gene Targeting
Homologous Recombinant

Genomic DNA was extracted from the Thraustochytrium
aureum and the C20 elongase gene disrupted strain of the
Thraustochytrium aureum OrfA disrupted strain by using the
method described in Example 3-2. The DNA concentration
was calculated by measuring A260/280.

The genomic DNA was cut with restriction enzymes, and
electrophoresed in about 2 to 3 pug per well in a 0.7% SeaKem
GTG agarose gel (Takara Bio). This was transferred to a nylon
membrane, and hybridized at 51° C. for 16 hours with the
probes produced by using a DIG system (Roche Applied
Science). The following primers were used for the probe
production.

5'end [RHO94: 21mer: 5'-ACGTCC GCTTCAAACACC
TCG-3' (SEQ ID NO: 163), RHO95: 24mer: 5'-TCG GAA
CAA CTG GAA CAA CTA AAG-3' (SEQ ID NO: 164)]

3'end [RHO96: 22mer: 5'-ATG TCG CTC TCC TTCTTC
TCA G-3' (SEQ ID NO: 165), RHO97: 21mer: 5'-TCG GCT
CCT GGA AAG TGC TCT-3' (SEQ ID NO: 166)]

PCR cycles: 98° C. 2 min/98° C. 30 sec, 58° C. 30 sec, 72°
C. 1 min, 30 cycles/72° C. 3 min

The restriction enzymes used and the probe positions are as
shown in FIG. 40. Detection of the hybridized probes was
made by using a chromogenic method (NBT/BCIP solution).

Bands of the sizes expected from the homologous recom-
bination of the drug resistant genes were observed in the
analyses of both the 5' end and the 3' end (FIG. 41). It was
found by the experiment that the Thraustochytrium aureum
ATCC 34304 strain did not become auxotrophic even with the
deletion of the PKS pathway-associated gene OrfA and the
C20 elongase gene.
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Example 5-9

Changes in Fatty Acid Composition by Disruption of
C20 Elongase Gene in Thraustochytrium aureum
OrfA Disrupted Strain

The Thraustochytrium aureum ATCC 34304 and the gene
disrupted strain were cultured and freeze dried according to
the method of Example 3-9, and the fatty acids were methy-
lesterificated, and GC analyzed. The GC analysis was per-
formed with a gas chromatograph GC-2014 (Shimadzu Cor-
poration) under the following conditions:

Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemical
Industries [.td.)

Column temperature: 150° C.—(5° C./min)—220° C. (10
min)

Carrier gas: He (1.3 m[/min).

Changes in fatty acid composition are represented in FIG.
42. FIG. 43 represents the proportions relative to the wild-
type strain taken as 100%.

As can be seen from these results, disrupting the C20
elongase gene in the Thraustochytrium aureum OrfA dis-
rupted strain increased the C20:4n-6 (AA) about eight-fold,
and the C20:5n3 (EPA) about four-fold, and decreased the
C22:6n-3 (DHA) to about 5.

Example 6

Expression of w3 Desaturase Gene in
Thraustochytrium aureum OrfA Disrupted Strain

Example 6-1

Cloning of Saprolegnia diclina-Derived w3
Desaturase Gene and Production of Gene Expression
Plasmid

Genomic DNA was extracted from the Thraustochytrium
aureum ATCC 34304 by using the method of Example 3-2,
and the DNA concentration was calculated by measuring
A260/280. By using this as a template, the ubiquitin promoter
sequence (longer) (812 bp, SEQ ID NO: 167) was amplified
with an LA Taq with GC Buffer (Takara Bio, Buffer II was
used). The PCR primers used are as follows. TMO42 was set
on the ubiquitin promoter sequence, upstream of RHOS53
(Example 3-2, SEQ ID NO: 55), and contains a Kpnl linker
sequence. TMO43 contains the ubiquitin promoter sequence
and a Saprolegnia diclina-derived ®3 desaturase gene
sequence [TMO42: 29mer: 5'-TCG GTA CCC GTT AGA
ACG CGT AAT ACG AC-3' (SEQ ID NO: 168), TMO43:
45mer: 5'-TTC GTC TTA TCC TCA GTC ATG TTG GCT
AGT GTT GCT TAG GTC GCT-3' (SEQID NO: 169)] [PCR
cycles: 96°C. 2 min/98° C. 20sec, 60°C.30sec, 72° C. 1 min,
30 cycles/72° C. 1 min].

Then, Saprolegnia diclina was cultured in a medium (ad-
justed with deionized water) containing D-Glucose (31.8 g)
and yeast extract (10.6 g) per liter. Cells in the late stage of the
logarithmic growth phase were centrifuged at 4° C., 3,500xg
for 5 min to form a pellet, and disrupted by being frozen with
liquid nitrogen. After being extracted with phenol, the cell
disruption liquid was precipitated with ethanol, and the pre-
cipitate was dissolved in a TE solution. The nucleic acids
dissolved in the TE solution were treated with RNaseat 37° C.
for 30 min to degrade RNA. After being reextracted with
phenol, the product was precipitated with ethanol, and the
precipitate was dissolved in a TE solution. The DNA purity
and concentration were calculated by measuring A260/280.
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By using the resulting Saprolegnia diclina genomic DNA as
a template, the Saprolegnia diclina-derived w3 desaturase
gene sequence (1,116 bp, SEQ ID NO: 170) was amplified
with an LA Taq with GC Buffer (Takara Bio, Buffer II was
used). The PCR primers used are as follows. TMO44 contains
the ubiquitin promoter sequence and the Saprolegnia diclina-
derived w3 desaturase gene sequence. TMO45 contains the
Saprolegnia diclina-derived w3 desaturase gene sequence
and the ubiquitin terminator [TMO44: 43mer: 5'-CCT AAG
CAA CACTAG CCAACA TGA CTGAGG ATA AGA CGA
AGG T-3' (SEQ ID NO: 171), TMOA45: 40mer: 5'-ATA CTA
CAG ATA GCT TAG TTT TAG TCC GACTTG GCCTTG
G-3' (SEQID NO: 172)] [PCR cycles: 96° C. 2 min/98° C. 20
sec, 60° C.30sec, 72° C. 1 min 30 sec, 30 cycles/72° C. 1 min
30 sec].

By using the Thraustochytrium aureum ATCC 34304
genomic DNA as a template, the ubiquitin terminator
sequence (614 bp, SEQ ID NO: 173) was amplified with an
LA Taq with GC Buffer (Takara Bio, Buffer Il was used). The
primers used are as follows. TMO46 contains the Saprolegnia
diclina-derived ®3 desaturase gene sequence and the ubig-
uitin terminator. TMO47 was designed on the ubiquitin ter-
minator sequence, and contains a Kpnl linker sequence
[TMOA46: 44mer: 5'-CCA AGG CCA AGT CGG ACT AAA
ACT AAG CTA TCT GTA GTA TGT GC-3' (SEQ ID NO:
174), TMOA47: 45mer: 5'-TCG GTA CCA CCG CGT AAT
ACG ACT CACTAT AGG GAGACT GCA GTT-3' (SEQ ID
NO: 175)] [PCR cycles: 96° C. 2min/98° C. 20 sec, 60° C. 30
sec, 72° C. 1 min, 30 cycles/72° C. 1 min].

By using SEQ ID NOS: 167, 170, and 173 as templates, a
fusion PCR was performed with TMO42 (SEQ ID NO: 168)
and TMO47 (SEQ ID NO: 175) according to the method
described in Non-Patent Document 19. An LA Taq with GC
Buffer (Takara Bio, Buffer II was used) was used as the
enzyme, and the amplification was performed under the fol-
lowing conditions [PCR cycles: 96° C. 2 min/98° C. 20 sec,
55°C. 30 sec, 68° C. 3 min, 30 cycles/68° C. 3 min (1° C./10
sec from 55° C. to 68° C.] (FIG. 44, 2,463 bp, SEQ ID NO:
176).

By using the pRH38 (FIG. 33) of Example 5-3 as a tem-
plate, a PCR was performed with RHO84 (SEQ ID NO: 177,
the sequence is presented below) and RHOS52 (Example 3-1,
SEQ ID NO: 52). RHO84 was set on the ubiquitin promoter,
and has a Kpnl linker sequence. RHOS52 was set on the SV40
terminator sequence, and has a BgllI linker. An LA taq Hot
start version was used as the enzyme, and, after the amplifi-
cation performed under the following conditions, the product
was cloned into a pGEM-T easy vector [RHO84: 36mer:
5'-CCC GGT ACC GCC GCA GCG CCT GGT GCA CCC
GCC GGG-3' (SEQ ID NO: 177)] [PCR cycles: 98° C. 2
min/98° C. 10 sec, 68° C. 1 min 30 sec, 30 cycles/68° C. 3
min]. After amplification with Escherichia coli, the sequence
was confirmed by using a Dye Terminator Cycle Sequencing
Kit (BECKMAN COULTER). This was named pRH45 (FIG.
45).

The fused Thraustochytrium aureum ATCC 34304-derived
ubiquitin promoter-Saprolegnia diclina-derived w3 desatu-
rase gene-Thraustochytrium aureum ATCC 34304-derived
ubiquitin terminator (SEQID NO: 176; FIG. 44) was digested
with Kpnl, and ligated to the Kpnl site of pRH45 (FIG. 45).
The resulting plasmid was amplified with Escherichia coli,
and the sequence was confirmed by using a Dye Terminator
Cycle Sequencing Kit (BECKMAN COULTER). This was
named pRH48.
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The product Saprolegnia diclina-derived w3 desaturase
gene expression plasmid (pRH48) is shown in FIG. 46.

Example 6-2

Introduction of Saprolegnia diclina-Derived m3
Desaturase Expression Plasmid into
Thraustochytrium aureum OrfA Disrupted Strain

By using the targeting vector produced in Example 6-1 as
atemplate, DNA was amplified with a PrimeSTAR Max DNA
polymerase (Takara Bio), using TMO42 (SEQ ID NO: 168)
and RHOS2 (Example 3-1, SEQ ID NO: 52) as primers [PCR
cycles: 94° C.30sec, 72° C. 1 min, 5 cycles/94° C. 30 sec, 70°
C.30sec, 72° C. 1 min, 5 cycles/94° C. 30 sec, 68° C. 30 sec,
72° C. 1 min, 25 cycles/72° C. 2 min]. The amplification
product was collected from the 1.0% agarose gel, and pre-
cipitated with ethanol. The precipitate was then dissolved in
0.1xTE. The DNA concentration was calculated by measur-
ing A260/280. The introduced fragment obtained by PCR was
3,777 bp, and had the following sequence order: ubiquitin
promoter-w3 desaturase gene-ubiquitin terminator-ubiquitin
promoter-blasticidin-resistant gene sequence-SV40 termina-
tor sequence (SEQ ID NO: 178).

The Thraustochytrium aureum OrfA disrupted strain pro-
duced in Example 4 was cultured in a GY medium for 4 days,
and cells in the logarithmic growth phase were used for gene
introduction. The DNA fragment (0.625 pg) was then intro-
duced into cells corresponding to OD600=1 to 1.5 using the
gene-gun technique (microcarrier: 0.6-micron gold particles,
target distance: 6 cm, chamber vacuum: 26 mmHg, rupture
disk: 1,100 PSI). After a 4- to 6-hour recovery time, the cells
with the introduced gene were applied to a PDA agar plate
medium (containing 0.2 mg/ml blasticidin). As a result, 20 to
30 drug resistant strains were obtained per penetration.

Example 6-3

Acquisition of Saprolegnia diclina-Derived w3
Desaturase Gene Expression Strain

Genomic DNA was extracted from the Thraustochytrium
aureum OrfA disrupted strain produced in Example 3 and the
w3 desaturase gene expressing strain by using the method
described in Example 3-2. The DNA concentration was cal-
culated by measuring A260/280. By using this as a template,
a PCR was performed with an LA taq Hot start version to
confirm the genome structure. The positions of the primers,
combinations used for the amplification, and the expected
size of the amplification product are shown in FIG. 47.
TMO42 (Example 6-1, SEQ ID NO: 168) was set on the
ubiquitin promoter. RHO49 (Example 5-3, SEQ ID NO: 139)
was set on the blasticidin-resistant gene [PCR cycles: 98° C.
2 min/98° C. 10 sec, 68° C. 4 min, 30 cycles/68° C. 7 min].

The result of the amplification confirmed a band of the
expected size (FIG. 48). That is, a strain was isolated that
contained the introduced expression fragment stably intro-
duced into its genome.

Example 6-4
Changes in Fatty Acid Composition by ®3
Desaturase Expression in PUFA PKS Pathway
Disrupted Strain

The Thraustochytrium aureum OrfA disrupted strain pro-
duced in Example 4, and the w3 desaturase expressing strain
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produced in Example 6-3 were cultured by using the method
described in Example 3-9. After freeze drying, the fatty acids
were methylesterificated, and GC analyzed. The GC analysis
was performed with a gas chromatograph GC-2014 (Shi-
madzu Corporation) under the following conditions:

Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemical
Industries [.td.)

Column temperature: 150° C.—(5° C./min)—220° C. (10
min)

Carrier gas: He (1.3 mL/min).

The w3 desaturase expressing strain had reduced levels of
the n-6 series fatty acids, and there was a tendency for the n-3
series fatty acids to increase (FIG. 49). FIG. 50 represents the
proportions relative to the wild-type strain taken as 100%.

As a result, the arachidonic acid was reduced to about 14,
and the DPA to about 10. EPA and DHA increased by a factor
of about 3.

Example 7

Disruption of Thraustochytrium roseum C20
Elongase Gene

Example 7-1
Cloning of T roseum-Derived C20 Elongase Gene

A forward denatured oligonucleotide (ELO20F; 5'-ATH
GAR TWY TKB RTI TTY GTI CA-3") (SEQ ID NO: 179)
and a reverse denatured oligonucleotide (ELO20R; 5'-TAR
TRI SWR TAC ATI ADI AMR TG-3") (SEQ ID NO: 180)
were synthesized by targeting a conserved region in the C20
elongase gene of the Thraustochytrium roseum ATCC 28210
strain. Then, a PCR was performed with an Advantage 2
Polymerase Mix (Clontech), using the 7. roseum genomic
DNA extracted by using the same technique described in the
method of Example 2-5 as a template [PCR cycles: 94° C. 1
min/94° C. 30 sec, 55° C. 30 sec, 72° C. 1 min, 30 cycles/72°
C. 7 min/4° C. oo]. The resulting specific product was isolated
by 2% agarose gel electrophoresis, and purified. The DNA
fragment was then TA cloned with a pGEM-T easy Vector
(Promega), and the base sequence was analyzed. The
sequence showed significant sequence identity with the
sequence of a known 7. aureum-derived C20 elongase gene,
suggesting that the sequence was a partial sequence of the 7.
roseum-derived C20 elongase gene.

This was followed by cloning of the 7. roseum-derived C20
elongase gene by 3'- and 5'-RACE, as in Example 2-2. First,
the following oligonucleotide primers were designed.

Forward oligonucleotide primer (8 F1; 5'-CTG ACA AAG
TTT CTC GAC TGG AGC GAC A-3") (SEQ ID NO: 181)

Reverse oligonucleotide primers (8 R1; 5'-TAC GCG GCG
GTGCCCGAG CCCCAG-3")(SEQIDNO: 182)and (8 R2;
5'-TGC CGA TCG TTG CGT GGT GGA ACA CCT G-3")
(SEQID NO: 183)

This was followed by 3'- and 5'-RACE using a synthetic
adapter-specific oligonucleotide, and the oligonucleotide 8
F1 or 8 R1, using the cDNA library created with a SMART™
RACE c¢DNA Amplification Kit (clontech) as a template
[PCR cycles: 94° C. 30 sec 5 cycles/94° C. 30 sec, 70° C. 30
sec, 72° C.3 min, 5 cycles/94° C.30sec, 68° C.30sec, 72° C.
3 min, 25 cycles/4° C. oo]. In the 5' RACE, a nested PCR was
performed by using a synthetic adapter-specific oligonucle-
otide and the oligonucleotide 8 R2, using the RACE product
as a template [PCR cycles: 94° C. 1 min/94° C. 30 sec, 68° C.
30 sec, 72° C. 3 min, 25 cycles/72° C. 10 min/4° C. o|. The
both specific products were gel purified, and the base
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sequence was analyzed after being TA cloned with a pGEM-T
easy Vector (Promega). There was a complete match with the
T aureum ATCC 34304-derived C20 elongase (TaELO2)
(SEQ ID NO: 16) of Example 2-2.

Then, a forward oligonucleotide (8 ORF F; 5'-ATG GCG
ACG CGC ACC TCG AA-3") (SEQ ID NO: 184) and a
reverse oligonucleotide (8 ORF R; 5'-TTA CTC GGA CTT
GGT GGG GGC G-3") (SEQ ID NO: 185) for amplifying a
putative translated sequence were synthesized, and a PCR
was performed with an Advantage GC 2 polymerase Mix
(Clontech), using the 7. roseum genomic DNA as a template
[PCR cycles: 94° C. 1 min/94° C.30sec, 65° C.30sec, 72° C.
1 min, 30 cycles/72° C. 7 min/4° C. o). The resulting specific
product was gel purified, and the base sequence was analyzed
by direct sequencing. The 7. roseum-derived C20 elongase
gene was found to be identical to the TaELO2. As demon-
strated above, the sequence had a complete match with the
sequence of the Thraustochytrium aureum C20 elongase. The
base sequence is represented by SEQ ID NO: 186, and the
amino acid sequence by SEQ ID NO: 187.

Example 7-2

Production of Base Plasmid for C20 Elongase Gene
Targeting Vector Production

The Thraustochytrium aureum ATCC 34304 strain was
cultured in a GY medium. Cells at the late stage of the loga-
rithmic growth phase were centrifuged at 4° C., 3,500xg for 5
min to form a pellet, and disrupted after being frozen with
liquid nitrogen. After being extracted with phenol, the cell
disruption liquid was precipitated with ethanol, and the pre-
cipitate was dissolved in a TE solution. The nucleic acids
dissolved in the TE solution were treated with RNaseat 37° C.
for 30 min to degrade the RNA. After being reextracted with
phenol, the product was precipitated with ethanol, and the
precipitate was dissolved in a TE solution. The DNA concen-
tration was calculated by measuring A260/280. By using this
as a template, the sequence (3,193 bp, SEQ ID NO: 188)
containing the C20 elongase gene sequence was amplified
with an LA taq Hot start version (Takara Bio) [PCR cycles:
98° C. 2 min/98° C. 10 sec, 68° C. 1 min, 30 cycles/68° C. 2
min]. The E2 KO ProF EcoRV (SEQ ID NO: 33) and E2KO
TermR EcoRV (SEQ ID NO: 34) of Example 2-8 were used as
PCR primers. The resulting DNA fragment was cloned into a
pGEM-T easy vector (Promega), amplified with Escherichia
coli, and the sequence was confirmed by using a Dye Termi-
nator Cycle Sequencing Kit (BECKMAN COULTER). This
was named pRH59 (FIG. 51).

By using the pRH59 (FIG. 51) as a template, amplification
was performed with a PrimeSTAR Max DNA Polymerase
(Takara Bio) using a primer set of the reverse orientation
prepared for the insertion of the BglIl site in a portion halfway
along the C20 elongase gene sequence. The primers used are
as follows. The both primers have Bglll linker sequences
[RHO120: 27 mer: 5'-GAC AAA GAT CTC GAC TGG AGC
GAC CAC-3' (SEQ ID NO: 189), RHO121: 27 mer: 5'-GTC
GAGATC TTT TGT CAG GAG GTG CAC-3' (SEQ ID NO:
190)] [PCR cycles: 98° C. 2 min/98° C. 10 sec, 56° C. 15 sec,
72° C. min, 30 cycles/72° C. 1 min]. After the amplification
performed under these conditions, the product was digested
with Bglll, and allowed to self ligate. The ligated sample was
amplified with Escherichia coli, and the sequence was con-
firmed by using a Dye Terminator Cycle Sequencing Kit
(BECKMAN COULTER). This was named pRH64. The C20
elongase gene sequence 951 bp with the inserted BgllI site is
represented by SEQ ID NO: 191.

10

15

20

25

30

40

45

55

60

65

56

The produced base plasmid (pRH64) for the production of
the Thraustochytrium roseum C20 elongase gene targeting
vector is shown in FIG. 52.

Example 7-3

Production of Targeting Vectors (Artificial
Neomycin-Resistant Gene and
Hygromycin-Resistant Gene)

The pRH31 (FIG. 13) of Example 3-2 was digested with
Bglll, and the DNA fragment containing an artificial neomy-
cin-resistant gene cassette was ligated to the Bglll site of the
pRH64 (FIG. 52) of Example 7-2. This was named pRH65.

The pRH32 (FIG. 15) of Example 3-3 was digested with
Bglll, and the DNA fragment containing a hygromycin-resis-
tant gene cassette was ligated to the Bglll site of the pRH64
(FIG. 52) of Example 7-2. This was named pRH66.

The two targeting vectors (pRH65 and 66) produced are
shown in FIG. 53.

Example 7-4

Introduction of C20 Elongase Gene Targeting Vector

By using the two targeting vectors produced in Example
7-3 as templates, the gene was amplified with a PrimeSTAR
GXL polymerase (Takara Bio), using a forward primer con-
taining a translation initiation site (RHO130: 5'-ATG GCG
ACG CGCACC TCG AAG AG-3") (SEQIDNO: 192) and a
reverse primer containing a translation termination site
(RHO131: 5'-TTA CTC GGA CTT GCT GGG GGC GC)
(SEQ ID NO: 193) as primers [PCR cycles: 98° C. 2 min/98°
C. 30 sec, 60 30 sec, 72° C. 3 min, 30 cycles]. After being
extracted with phenol-chloroform and then with chloroform,
the DNA was precipitated with ethanol, and the precipitate
was dissolved in 0.1xTE. The DNA concentration was calcu-
lated by measuring A260/280. The introduced fragment
obtained from using the pRH65 (FIG. 53) of Example 7-3 as
a template was 2,655 bp, and had the following sequence
order: First half of Thraustochytrium aureum C20 elongase
gene-SV40 terminator sequence-artificial neomycin-resis-
tant gene sequence-ubiquitin promoter sequence-second half
of Thraustochytrium aureum C20 elongase gene (SEQ ID
NO: 194). The introduced fragment obtained from using the
pRH66 (FIG. 53) of Example 7-3 as a template was 2,887 bp,
and had the following sequence order: First half of Thraus-
tochytrium aureum C20 elongase gene-ubiquitin promoter
sequence-hygromycin-resistant gene sequence-SV40 termi-
nator sequence-second half of Thraustochytrium aureum C20
elongase gene (SEQ ID NO: 195).

The Thraustochytrium roseum strain was cultured ina GY
medium for 7 days, and cells in the logarithmic growth phase
were used for gene introduction. The DNA fragment (0.625
ng) was then introduced into cells corresponding to OD600=1
to 1.5 using the gene-gun technique under the following con-
ditions (microcarrier: 0.6-micron gold particles, target dis-
tance: 6 cm, chamber vacuum: 26 mmHg, rupture disk: 900
PSI). After a 24-hour recovery time, the cells with the intro-
duced gene were applied to a PDA plate medium (containing
2 mg/ml G418 or 2 mg/ml hygromycin).

As a result, about 20 drug resistant strains were obtained
per penetration.
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Example 7-5

Identification of C20 Elongase Gene Gene Targeting
Homologous Recombinant

The Thraustochytrium roseum ATCC 28210 strain, the
C20 elongase gene hetero homologous recombinant, and the
C20 elongase gene homo homologous recombinant (gene
disrupted strain) were cultured in GY media. The resulting
cells were centrifuged at 4° C., 3,000 rpm for 10 min to form
a pellet, and lysed at 55° C., 6 1/99.9° C., 5 min after being
suspended in a 20-ul SNET solution [20 mM Tris-HCI; pH
8.0, 5 mM Na(l, 0.3% SDS, 200 pg/ml Proteinase K (nacalai
tesque)]. The resulting cell lysate was diluted 10 times and
used as a template in a PCR performed with a Mighty Amp
DNA polymerase (Takara Bio) to confirm the genome struc-
ture. The positions of the primers, combinations used for the
amplification, and the expected sizes of the amplification
products are shown in FIG. 54. RoseumF and RoseumR were
set upstream and downstream of the C20 elongase, respec-
tively. NeoF and NeoR were set on the artificial neomycin-
resistant gene. HygF and HygR were set on the hygromycin-
resistant gene [RoseumF: 26 mer: 5'-GCT CGG CTG GAA
GTTGAGTAGTTTGC-3' (SEQIDNO: 196), RoseumR: 24
mer: 5'-TCT TTC TTC GTC GAC GTC CCA CTG-3' (SEQ
ID NO: 197), NeoF: 24 mer: 5'-ATG ATT GAA CAG GAC
GGC CTIT CAC-3' (SEQ ID NO: 198), NeoR: 24 mer:
5'-TCA AAA GAA CTC GTC CAG GAG GCG-3' (SEQ ID
NO: 199), HygF: 24 mer: 5'-ATGAAA AAG CCT GAACTC
ACC GCG-3' (SEQ ID NO: 200), HygR: 25 mer: 5'-CTA
TTC CTT TGC CCT CGG ACG AGT G-3' (SEQ ID NO:
201)] [PCR cycles: 98° C. 2 min/98° C. 10 sec, 60° C. 15 sec,
68° C. 4 min, 30 cycles].

C20 elongase knockout strains were obtained that showed
no amplification of the wild-type allele (Wt allele) but
showed amplification of the artificial neomycin-resistant
gene allele (NeoR allele) and hygromycin-resistant gene
allele (HygR allele) (FIG. 55).

Example 7-6

Changes in Fatty Acid Composition by C20
Elongase Disruption

The Thraustochytrium roseum ATCC 28210 strain and the
gene disrupted strain were cultured in GY media. Cells at the
late stage of the logarithmic growth phase were centrifuged at
4° C., 3,000 rpm for 10 min to form a pellet, suspended in
0.9% NaCl, and washed. The cells were further centrifuged at
4° C., 3,000 rpm for 10 min, and the pellet was suspended in
sterile water, and washed. This was centrifuged at 3,000 rpm
for 10 min, and freeze dried after removing the supernatant.
Then, 2 ml-methanolic KOH (7.5% KOH in 95% methanol)
was added to the freeze dried cells, and, after being vortexed,
the cells were ultrasonically disrupted (80° C., 30 min). The
cells were vortexed after adding sterile water (500 pl), and
vortexed again after adding n-hexane (2 ml). This was fol-
lowed by centrifugation at 3,000 rpm for 10 min, and the
upper layer was discarded. The cells were vortexed again
after adding n-hexane (2 ml), and centrifuged at 3,000 rpm for
10 min. After discarding the upper layer, 6 N HCI (1 ml) was
added to the remaining lower layer, and the mixture was
vortexed. The mixture was vortexed again after adding n-hex-
ane (2 ml). This was followed by centrifugation at 3,000 rpm
for 10 min, and the upper layer was collected. The mixture
was further vortexed after adding n-hexane (2 ml), centri-
fuged at 3,000 rpm for 10 min, and the upper layer was
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collected. The collected upper layer was then concentrated
and dried with nitrogen gas. The concentrated dry sample was
incubated overnight at 80° C. after adding 3 N methanolic
HCI (2 ml).

The sample was allowed to cool to room temperature, and
0.9% NaCl (1 ml) was added. The mixture was vortexed after
adding n-hexane (2 ml). This was followed by centrifugation
at 3,000 rpm for 10 min, and the upper layer was collected.
The mixture was further vortexed after adding n-hexane (2
ml), centrifuged at 3,000 rpm for 10 min, and the upper layer
was collected. After adding a small amount of anhydrous
sodium sulfate to the collected upper layer, the mixture was
vortexed, and centrifuged at 3,000 rpm for 10 min. After
collecting the upper layer, the upper layer was concentrated
and dried with nitrogen gas. The concentrated dry sample was
dissolved in n-hexane (0.2 ml), and 2 pl ofthe sample was GC
analyzed. The GC analysis was performed with a gas chro-
matograph GC-2014 (Shimadzu Corporation) under the fol-
lowing conditions:

Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemical
Industries [.td.)

Column temperature: 150° C.—(5° C./min)—220° C. (10
min)

Carrier gas: He (1.3 mL/min).

As a result, knocking out the C20 elongase in the Thraus-
tochytrium roseum increased fatty acids of 20 carbon chain
length (FIG. 56). FIG. 57 represents the proportions relative
to the wild-type strain taken as 100%.

As can be seen from these results, the arachidonic acid
increased about 1.2-fold, EPA about 1.6-fold, DPA about
1.2-fold, and DHA about 1.5-fold.

Example 8

Disruption of A4 Desaturase Gene in Thraustochytrium
aureum ATCC 34304 OrfA Disrupted Strain

Example 8-1

Cloning of Sequence from 1,071 bp Upstream of A4
Desaturase Gene to 1,500 bp within A4 Desaturase
Gene in Thraustochytrium aureum ATCC 34304
Strain

The genomic DNA ofthe Thraustochytrium aureum ATCC
34304 strain extracted by using the method described in
Example 3-2 was decoded. Then, a search was made for a
gene sequence highly homologous to a known A4 desaturase,
and two PCR primers were designed by using the search
result. TMO3 is a sequence located 1,071 to 1,049 bp
upstream of the A4 desaturase gene of the Thraustochytrium
aureum ATCC 34304 strain. TMO4 is a sequence within the
protein coding region, located 1,477 to 1,500 bp from the start
codon [TMO3: 23 mer: 5'-GGC GGA GCGAAG TGT GAA
AGT TA-3'(SEQIDNO: 202), TMO4: 24 mer: 5'-GCG ACA
GCA TCT TGA AAT AGG CAG-3' (SEQ ID NO: 203)]. By
using the genomic DNA of the Thraustochytrium aureum
ATCC 34304 strain as a template, the sequence from 1,071 bp
upstream of the A4 desaturase gene to 1,500 bp within the A4
desaturase gene of the Thraustochytrium aureum ATCC
34304 strain was amplified with the two primers, using an LA
taq Hot start version (Takara Bio). The amplification was
performed under the following conditions [PCR cycles: 98°
C. 2 min/98° C. 20 sec, 60° C. 30 sec, 72° C. 3 min, 30
cycles/72° C. 8 min|. The resulting DNA fragment was
cloned into a pGEM-T easy vector, amplified with Escheri-
chia coli, and the sequence was confirmed by using a Dye
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Terminator Cycle Sequencing Kit (BECKMAN COULTER).
This was named pTM1 (FIG. 58).

Example 8-2

Production of Base Plasmid for A4 Desaturase Gene
Targeting Vector Production

By using the pTM1 (FIG. 58) of Example 8-1 as a template,
a primer set of the reverse orientation was prepared in a
manner that allows the 60 bp upstream of the A4 desaturase
gene and a 556-bp sequence containing the start codon within
the A4 desaturase gene (616 bp, SEQ ID NO: 205) to be
deleted, and a BgllI site to occur in the deleted portion. TMO7
and TMOS both contain BglIl sequences. A PrimeSTAR Max
DNA Polymerase (Takara Bio) was used for the amplification
[TMO7: 25 mer: 5'-CAG GAG ATC TCC AAG TCG CGA
TTC A-3' (SEQ ID NO: 206), TMOS: 26 mer: 5'-CTT GGA
GAT CTC CTG CCC GTC CCG AA-3' (SEQ ID NO: 207)]
[PCR cycles: 98° C.3 min/98° C. 10sec, 55° C. 15 sec, 72° C.
30 sec, 30 cycles/72° C. 30 sec]. After the amplification
performed under these conditions, the product was electro-
phoresed on an agarose gel, and purified. The resulting DNA
fragment was introduced into Escherichia coli and amplified,
and the sequence was confirmed by using a Dye Terminator
Cycle Sequencing Kit (BECKMAN COULTER). This was
named pTM2.

The product base plasmid (pTM2) for the A4 desaturase
gene targeting vector production is shown in FIG. 59.

Example 8-3

Production of Targeting Vectors
(Blasticidin-Resistant Gene and GFP-Fused
Zeocin-Resistant Gene)

The pRH38 (FIG. 33) of Example 5-3 was digested with
Bglll, and the DNA fragment containing a blasticidin-resis-
tant gene cassette was ligated to the Bglll site of the pTM2
(FIG. 59) of Example 8-2. This was named pTM6.

The pRH51 (FIG. 36) of Example 5-4 was digested with
Bglll, and the DNA fragment containing a GFP-fused zeocin-
resistant gene cassette was ligated to the Bglll site of the
pIM2 (FIG. 59) of Example 8-2. This was named pTMS8.

The two targeting vectors (pTM6 and 8) produced are
shown in FIG. 60.

Example 8-4

Introduction of A4 Desaturase Gene Targeting Vector
into Thraustochytrium aureum OrfA Disrupted
Strain

By using the two targeting vectors produced in Example
8-3 as templates, the gene was amplified with a PrimeSTAR
HS DNA polymerase (Takara Bio), using TMO3 (Example
8-1; SEQ ID NO: 202) and TMO4 (Example 8-1; SEQ ID
NO: 203) as primers [PCR cycles: 98° C.3 min/98° C. 10 sec,
55° C. 5 sec, 72° C. 4 min, 30 cycles/72° C. 3 min]. After
being extracted with phenol-chloroform and then with chlo-
roform, the DNA was precipitated with ethanol, and the pre-
cipitate was dissolved in 0.1xTE. The DNA concentration
was calculated by measuring A260/280. The introduced frag-
ment obtained from using the pTM6 (FIG. 60) of Example
8-3 as a template was 3,264 bp, and had the following
sequence order: Upstream of Thraustochytrium aureum A4
desaturase gene-SV40 terminator sequence-blasticidin-resis-

10

15

20

25

30

35

40

45

50

55

60

65

60

tant gene sequence-ubiquitin promoter-sequence within
Thraustochytrium aureum A4 desaturase gene (SEQ ID NO:
208). The introduced fragment obtained from using the pTM8
(FIG. 60) of Example 8-3 as a template was 3,935 bp, and had
the following sequence order: Upstream of Thraustochytrium
aureum A4 desaturase gene-SV40 terminator sequence-zeo-
cin-resistant gene sequence-enhanced GFP gene sequence-
ubiquitin  promoter-sequence within Thraustochytrium
aureum A4 desaturase gene (SEQ ID NO: 209).

The gene disrupted strain of the PUFA PKS pathway-
associated gene OrfA of Example 4 was cultured in a GY
medium for 4 days, and cells in the logarithmic growth phase
were used for gene introduction. The DNA fragment (0.625
ng) was then introduced into cells corresponding to OD600=1
to 1.5 by using the gene-gun technique (microcarrier: 0.6-
micron gold particles, target distance: 6 cm, chamber
vacuum: 26 mmHg, rupture disk: 1,100 PSI). After a 4- to
6-hour recovery time, the cells with the introduced gene was
applied to a PDA agar plate medium (containing 20 mg/ml
Zeocin or 0.2 mg/ml blasticidin). As a result, 100 to 200 drug
resistant strains were obtained per penetration.

Example 8-5

Identification of A4 Desaturase Gene Gene Targeting
Homologous Recombinant

Genomic DNA was extracted from Thraustochytrium
aureum, and the A4 desaturase gene disrupted strain of the
Thraustochytrium aureum OrfA disrupted strain by using the
method of Example 3-2. The DNA concentration was calcu-
lated by measuring A260/280. By using this as a template, a
PCR was performed with a Mighty Amp DNA polymerase
(Takara Bio) to confirm the genome structure. The positions
of the primers, combinations used for the amplification, and
the expected sizes of the amplification products are shown in
FIG. 61. TMO1 was set upstream of the A4 desaturase gene.
TMO2 was set downstream of the A4 desaturase gene.
RHO198 and RHO49 (Example 5-3; SEQ ID NO: 139) were
set on the blasticidin-resistant gene. RHO128 was set on the
enhanced GFP gene. RHO64 (Example 5-4; SEQ ID NO:
151) was set on the zeocin-resistant gene [TMO1: 23 mer:
5'-AAA AGA ACA AGC CCT CTC CTG GA-3' (SEQ ID
NO: 210), TMO2: 23 mer: 5-GAG GTT TGTATG TTC GGC
GGT TT-3' (SEQ ID NO: 211), RHO198: 26 mer: 5'-TGG
GGG ACC TTG TGC AGA ACT CGT GG-3' (SEQ ID NO:
212), RHO128: 22 mer: 5'-GAC CTA CGG CGT GCA GTG
CTT C-3' (SEQID NO: 213)] [PCR cycles: 98° C. 2 min/98°
C. 10 sec, 68° C. 4 min 30 sec, 30 cycles/68° C. 4 min)].

A4 desaturase gene knockout strains were obtained that
showed no amplification of the wild-type allele (Wt allele)
but showed amplification of the blasticidin-resistant gene
allele (BlaR allele) and zeocin-resistant gene allele (ZeoR
allele) (FIG. 62). It was found by the experiment that the
Thraustochytrium aureum ATCC 34304 strain did not
become auxotrophic even with the deletion of the PKS path-
way-associated gene OrfA and the A4 desaturase gene.

Example 8-6

Changes in Fatty Acid Composition by Disruption of
A4 Desaturase Gene in Thraustochytrium aureum
OrfA Disrupted Strain

The Thraustochytrium aureum ATCC 34304 and the gene
disrupted strain were cultured by using the method of
Example 3-9. After freeze drying, the fatty acids were methy-
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lesterificated, and GC analyzed. The GC analysis was per-
formed with a gas chromatograph GC-2014 (Shimadzu Cor-
poration) under the following conditions:

Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemical
Industries [.td.)

Column temperature: 150° C.—(5° C./min)—220° C. (10
min)

Carrier gas: He (1.3 m[/min).

Changes in fatty acid composition are represented in FIG.
63. FIG. 64 represents the proportions relative to the wild-
type strain taken as 100%.

As can be seen from the results, disrupting the A4 desatu-
rase gene in the Thraustochytrium aureum OrfA disrupted
strain resulted in hardly performing C22:5n-6 (DPA) and
C22:6n-3(DHA) biosyntheses, and C22:4n-6 (DTA) and
C22:5n-3 (DPA) accumulated.

Example 9

Disruption of C20 Elongase Gene in Parietichytrium
sp. SEK358 Strain

Example 9-1

Introduction of C20 Flongase Gene Targeting Vector
into Parietichytrium sp. SEK358 Strain

By using the targeting vector produced with the pRH85
(FIG. 18) of Example 3-6 as a template, the gene was ampli-
fied with a PrimeSTAR Max DNA polymerase (TakaraBio),
using RHO153 (Example 3-4; SEQ ID NO: 74) and RHO154
(Example 3-4; SEQ ID NO: 75) as primers [PCR cycles: 98°
C.2 min/98° C.30sec, 68° C. 2 min, 30 cycles/68° C. 2 min].
After being extracted with phenol-chloroform and then with
chloroform, the DNA was precipitated with ethanol, and the
precipitate was dissolved in 0.1xTE. The DNA concentration
was calculated by measuring A260/280. The introduced frag-
ment obtained from using the pRH85 (FIG. 18) of Example
3-6 as a template was 2,661 bp, and had the following
sequence order: First half of Parietichytrium C20 elongase
gene-SV40 terminator sequence-artificial neomycin-resis-
tant gene sequence-ubiquitin promoter sequence-second half
of Parietichytrium C20 elongase gene (Example 3-7; SEQ ID
NO: 81). The Parietichytrium sp. SEK358 strain was cultured
in a GY medium for 3 days, and cells in the logarithmic
growth phase were used for gene introduction. The DNA
fragment (0.625 pg) was then introduced into cells corre-
sponding to OD600=1 to 1.5 using the gene-gun technique
(microcarrier: 0.6-micron gold particles, target distance: 6
cm, chamber vacuum: 26 mmHg, rupture disk: 900 PSI).
After a 24-hour recovery time, the cells with the introduced
gene were applied to a PDA agar plate medium containing 0.5
mg/ml G418. As a result, 10 to 30 drug resistant strains were
obtained per penetration.

Example 9-2

Identification of C20 Elongase Gene Gene Targeting
Homologous Recombinant

Genomic DNA was extracted from the Parietichytrium sp.
SEK358 strain and the C20 elongase gene disrupted strain by
using the method of Example 3-2. The DNA concentration
was calculated by measuring A260/280. By using this as a
template, a PCR was performed with a Mighty Amp DNA
polymerase (Takara Bio) to confirm the genome structure.
The positions of the primers, combinations used for the
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amplification, and the expected sizes of the amplification
products are as described in Example 3-8 (FIG. 19).

RHO184 (Example 3-8; SEQ ID NO: 87) was set upstream
of the C20 elongase. RHO185 (Example 3-8; SEQ ID NO:
88) was set downstream of the C20 elongase. RHO142 (Ex-
ample 3-8; SEQIDNO: 85) and RHO143 (Example 3-8; SEQ
ID NO: 86) were set on the artificial neomycin-resistant gene
[PCR cycles: 98° C. 2 min/98° C. 10 sec, 68° C. 2 min, 30
cycles/68° C. 7 min].

C20 elongase knockout strains were obtained that showed
no amplification of the wild-type allele (Wt allele), but
showed amplification of the artificial neomycin-resistant
gene allele (NeoR allele) (FIG. 65).

Example 9-3

Changes in Fatty Acid Composition by Disruption of
C20 Elongase

The Parietichytrium sp. SEK358 strain and the gene dis-
rupted strain were cultured by using the method of Example
3-9. After freeze drying, the fatty acids were methylesterifi-
cated, and GC analyzed. The GC analysis was performed with
a gas chromatograph GC-2014 (Shimadzu Corporation)
under the following conditions:

Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemical
Industries [.td.)

Column temperature: 150° C.—(5° C./min)—220° C. (10
min)

Carrier gas: He (1.3 mL/min).

Changes in fatty acid composition are represented in FIG.
66. FIG. 67 represents the proportions relative to the wild-
type strain taken as 100%. As can be seen from the results,
knocking out the C20 elongase in the Parietichytrium sp.
SEK358 strain caused reduction of fatty acids of 22 or greater
carbon chain length, and increased fatty acids of 20 carbon
chain length. Specifically, the arachidonic acid increased
about seven-fold, and the EPA about eleven-fold. The DPA
and DHA reduced to about /is and about 4, respectively.

Example 10

Disruption of C20 Elongase Gene in Parietichytrium
sp. SEK571 Strain

Example 10-1

Introduction of C20 Elongase Gene Targeting Vector
into Parietichytrium sp. SEK571 Strain

By using the targeting vector produced with the pRH85
(FIG. 18) of Example 3-6 as a template, the gene was ampli-
fied with a PrimeSTAR Max DNA polymerase (TakaraBio),
using RHO153 (Example 3-4; SEQ ID NO: 74) and RHO154
(Example 3-4; SEQ ID NO: 75) as primers [PCR cycles: 98°
C.2 min/98° C. 30 sec, 68° C. 2 min, 30 cycles/68° C. 2 min].
After being extracted with phenol-chloroform and then with
chloroform, the DNA was precipitated with ethanol, and the
precipitate was dissolved in 0.1xTE. The DNA concentration
was calculated by measuring A260/280. The introduced frag-
ment obtained from using the pRH85 (FIG. 18) of Example
3-6 as a template was 2,661 bp, and had the following
sequence order: First half of Parietichytrium C20 elongase
gene-SV40 terminator sequence-artificial neomycin-resis-
tant gene sequence-ubiquitin promoter sequence-second half
of Parietichytrium C20 elongase gene (Example 3-7; SEQ ID
NO: 81). The Parietichytrium sp. SEK571 strain was cultured
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in a GY medium for 3 days, and cells in the logarithmic
growth phase were used for gene introduction. The DNA
fragment (0.625 pg) was then introduced into cells corre-
sponding to OD600=1 to 1.5 using the gene-gun technique
(microcarrier: 0.6-micron gold particles, target distance: 6
cm, chamber vacuum: 26 mmHg, rupture disk: 1550 PSI).
After a 24-hour recovery time, the cells with the introduced
gene were applied to a PDA agar plate medium containing 0.5
mg/ml G418. As a result, 5 to 15 drug resistant strains were
obtained per penetration.

Example 10-2

Identification of C20 Elongase Gene Gene Targeting
Homologous Recombinant

Genomic DNA was extracted from the Parietichytrium sp.
SEKS571 strain and the C20 elongase gene disrupted strain by
using the method of Example 3-2, and the DNA concentration
was calculated by measuring A260/280. By using this as a
template, a PCR was performed with a Mighty Amp DNA
polymerase (Takara Bio) to confirm the genome structure.
The positions of the primers, combinations used for the
amplification, and the expected sizes of the amplification
products are as described in Example 3-8 (FIG. 19).

RHO184 (Example 3-8; SEQ ID NO: 87) was set upstream
of the C20 elongase. RHO185 (Example 3-8; SEQ ID NO:
88) was set downstream of the C20 elongase. RHO142 (Ex-
ample 3-8; SEQID NO: 85) and RHO143 (Example 3-8; SEQ
ID NO: 86) were set on the artificial neomycin-resistant gene
[PCR cycles: 98° C. 2 min/98° C. 10 sec, 68° C. 2 min, 30
cycles/68° C. 7 min].

C20 elongase knockout strains were obtained that showed
no amplification of the wild-type allele (Wt allele), but
showed amplification of the artificial neomycin-resistant
gene allele (NeoR allele) (FIG. 68).

Example 10-3

Changes in Fatty Acid Composition by C20
Elongase Disruption

The Parietichytrium sp. SEKS571 strain and the gene dis-
rupted strain were cultured by using the method of Example
3-9. After freeze drying, the fatty acids were methylesterifi-
cated, and GC analyzed. The GC analysis was performed with
a gas chromatograph GC-2014 (Shimadzu Corporation)
under the following conditions:

Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemical
Industries [.td.)

Column temperature: 150° C.—(5° C./min)—220° C. (10
min)
Carrier gas: He (1.3 m[/min).

Changes in fatty acid composition are represented in FIG.
69. FIG. 70 represents the proportions relative to the wild-
type strain taken as 100%. As can be seen from the results,
knocking out the C20 elongase in the Parietichytrium sp.
SEKS571 strain caused reduction of fatty acids of 22 or greater
carbon chain length, and increased fatty acids of 20 carbon
chain length. Specifically, the arachidonic acid increased
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about four-fold, and the EPA about eight-fold. The DPA and
DHA both reduced to about Yia.

Example 11

Disruption of Thraustochytrium aureum ATCC
34304-Derived A12 Desaturase Gene

Example 11-1

Isolation of Thraustochytrium aureum ATCC
34304-Derived A12 Desaturase Gene

By using the genomic DNA of the Thraustochytrium
aureum ATCC 34304 as a template, a Thraustochytrium
aureum ATCC 34304-derived Al12 desaturase gene was
amplified by a PCR performed with a forward oligonucle-
otide primer Tw3-F1 (22 mer: 5'-ATG TGC AAG GTC GAT
GGGACA A-3") (SEQIDNO: 214) and a reverse oligonucle-
otide primer Tw3-R1 (22 mer: 5'-TCA CAA ACA TCG CAG
CCT TCG G-3") (SEQ ID NO: 215) (enzyme used: LA taq
Hot Start Version, TaKaRa; PCR cycles: 98° C. 2 min/98° C.
30 sec, 53° C. 30 sec, 72° C. 1 min, 30 cycles/72° C. 7 min/4°
C. ). As a result, a novel gene sequence having a 1,185-bp
(SEQ ID NO: 217) ORF, encoding 395 amino acids (SEQ ID
NO: 216) was obtained. In the amino acid sequence of the
gene, three histidine boxes commonly conserved in desatu-
rases, believed to construct the active site were conserved
(FIG. 71). Further, because the gene showed high identity
(41%, 44%, 41%) at the amino acid level with the Thalassio-
sira pseudonana-, Micromonas sp.-, and Phaeodactylum tri-
cornutum-derived A12 desaturases in a Blast search (FIG.
71), it was strongly suggested that the gene was a Thraus-
tochytrium aureum ATCC 34304-derived Al12 desaturase
gene. In the following, the gene will be referred to as TA12d.

Example 11-2

Expression of TA12d using Budding Yeast
Saccharomyces cerevisiae as Host, and Analysis of
Fatty Acid Composition of Gene Introduced Strain

By using the genomic DNA of the Thraustochytrium
aureum ATCC 34304 as a template, a DNA fragment con-
taining HindIIl and Xba I sites added to the both ends of
TA12d was prepared in a PCR performed with a forward
oligonucleotide primer Tw3-Hind3-F (30 mer: 5'-GGA AGC
TTATGT GCAAGG TCGATG GGA CAA-3") (SEQIDNO:
218) and a reverse oligonucleotide primer Tw3-Xbal-R (29
mer: 5'-TTC TAG ACT AGA GCT TTT TGG CCG CAC
GC-3") (SEQ ID NO: 219) (enzyme used: LA taq Hot Start
Version, TaKaRa; PCR cycles: 98° C. 2 min/98° C. 30 sec,
53°C.30sec, 72° C. 1 min, 30 cycles/72° C. 7 min/4° C. o).
The DNA fragment was then incorporated in the HindIII/Xba
I'site of a pYES2/CT vector to construct a TA12d expression
vector pYESTD12. The pYESTDI12 and pYES2/CT were
then introduced into yeasts by using the lithium acetate
method. In the GC analysis of the fatty acid composition of
the TA12d overexpressing strain (pYESTDI12 introduced
strain), novel peaks were confirmed at positions correspond-
ing to the retention times of LA (C18:2A9,12) and C16:2A9,
12, but not in the mock introduced strain (pYES2/CT intro-
duced strain). FIG. 72 represents a GC analysis chart, and
fatty acid levels per dry cell. On the other hand, no conversion
activity for other fatty acids [LA, GLA (C18:3A6,9,12), C20:
2A11,14, DGLA (C20:3A8,11,14), ARA (C20:4A5,8,11,14),
DTA (C22:4A7,10,13,16)] was confirmed in the TA12d over-
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expressing strain. It became clear from these results that the
TA12d was a Thraustochytrium aureum ATCC 34304-de-
rived A12 desaturase gene.

Example 11-3
Construction of TA12d Targeting Vector

By using the genomic DNA of the Thraustochytrium
aureum ATCC 34304 as a template, the upstream and down-
stream sequences (1,001 bp each) of the TA12d ORF were
amplified in a PCR performed under the following conditions
(enzyme used: PrimeSTAR GXL, TaKaRa); PCR cycles: 98°
C. 2 min/98° C. 30 sec, 53° C. 30 sec, 72° C. 1 min, 30
cycles/72° C. 7 min/4° C. o). The following forward and
reverse oligonucleotide primers were used.

TD12d-up-F (23 mer: 5'-AGT CAG CCCAGG CAC CGA
TGA CG-3") (SEQ ID NO: 220) and TD12d-up-R (39 mer:
5'-AGC CAG AGC TAG ATC TCT TGT GCT CCT TTT
CAA TCCTTT-3") (SEQ ID NO: 221)

TD12d-down-F (39 mer: 5'-GGA GCA CAA GAG ATC
TAG CTCTGG CTCAAG GGA CACCGT-3") (SEQIDNO:
222) and TD12d-down-R (24 mer: 5'-CAC AGA AAC TGC
CTT CAC GGG TCT-3") (SEQ ID NO: 223)

The resulting both DNA fragments were joined by fusion
PCR with a Bgl I site inserted therebetween, and incorpo-
rated in a pGEM-T easy Vector (Promega). Then, the hygro-
mycin-resistant gene cassette of Example 3-3, and the blas-
ticidin-resistant gene cassette of Example 5-3 were
incorporated at the Bgl II site of the resulting vector to con-
struct TA12d KO targeting vectors. These were named
pID12dKOHyg and pTD12dKOBla. The construction
scheme of the TA12d KO targeting vectors are shown in FIG.
73.

Example 11-4

Introduction of TA12d Targeting Vector to
Thraustochytrium aureum ATCC 34304, and
Acquisition of TA12d Disrupted Strain

In order to obtain an efficient homologous recombinant by
using a split marker method, two homologous recombination
fragments were amplified by a PCR performed by using
pTD12dKOHyg as a template [enzyme used: LA taq Hot
Start Version, TaKaRa; PCR cycles: 98° C. 2 min/98° C. 30
sec, 60° C.30sec, 72° C. X min (X=1 min/kbp), 30 cycles/72°
C. 7 min/4° C. ] (FIG. 74). The fragments were then intro-
duced to the Thraustochytrium aureum ATCC 34304 by using
the gene-gun technique. The following forward and reverse
oligonucleotide primers were used for the amplification of the
homologous recombination fragments.

TD12d-up-F (SEQ ID NO: 220) and Hyg-Knock-R (24
mer: 5'-TGT TAT GCG GCC ATT GTC CGT CAG-3") (SEQ
1D NO: 224), and Hyg-Knock-F (24 mer: 5'-TGC GAT CGC
TGC GGC CGA TCT TAG-3") (SEQ ID NO: 225) and
TD12d-down-R (SEQ ID NO: 223)

As aresult, a homologous recombinant with the disrupted
TA12d first allele was obtained. Thereafter, by using
pTD12dKOBIa as a template, a homologous recombination
fragment for disrupting the second allele was amplified by a
PCR performed with the forward and reverse oligonucleotide
primers TD12d-up-F (SEQ ID NO: 220) and TD12d-down-R
(SEQ ID NO: 223) (enzyme used: LA taq Hot Start Version,
TaKaRa) [PCR cycles: 98° C. 2 min/98° C. 30 sec, 60° C. 30
sec, 72° C. 3 min, 30 cycles/72° C. 7 min/4° C. oo]. The
fragment was then introduced to the homologous recombi-
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nant containing the disrupted first allele. Complete disruption
of TA12d was verified by a PCR (using the genomic DNA
below as a template) and a RT-PCR performed for the detec-
tion of hygromycin-resistant gene, blasticidin-resistant gene,
and TA12d, or by southern blotting.

FIG. 75 represents the amplification results for the hygro-
mycin-resistant gene, blasticidin-resistant gene, and TA12d
amplified by a PCR performed by using the genomic DNAs of
the wild-type strain, the TA12d first allele disrupted strain,
and the TA12d disrupted strain (two alleles are disrupted) as
templates.

As aresult, amplification of the hygromycin-resistant gene
and the blasticidin-resistant gene contained in the introduced
homologous recombination fragment was confirmed in the
TA12d disrupted strain. However, no amplification of the
disrupted TA12d was confirmed. The following forward and
reverse oligonucleotide primers were used for the amplifica-
tion of the hygromycin-resistant gene, blasticidin-resistant
gene, and TA12d.

Hyg-F (26 mer: 5'-ATG AAA AAG CCT GAA CTC ACC
GCG AC-3") (SEQ ID NO: 226) and Hyg-R (25 mer: 5'-CTA
TTC CTT TGC CCT CGG ACG AGT G-3") (SEQ ID NO:
227),Bla-F (27 mer: 5'-ATG GCCAAGCCTTTGTCT CAA
GAA GAA-3") (SEQ ID NO: 228), and Bla-R (30 mer:
5'-TTA GCC CTC CCA CAC ATA ACC AGA GGG CAG-3")
(SEQID NO: 229), Tw3-F1 (SEQ ID NO: 214), and Tw3-R1
(SEQID NO: 215)

FIG. 76 represents the results of the mRNA detection per-
formed by RT-PCR for the hygromycin-resistant gene, blas-
ticidin-resistant gene, and TA12d in the wild-type strain, the
TA12d first allele disrupted strain, and the TA12d disrupted
strain. As a result, mRNA was detected for the hygromycin-
resistant gene and the blasticidin-resistant gene contained in
the introduced homologous recombination fragment in the
TA12d disrupted strain. However, mRNA was not detected
for the disrupted TA12d. Note that the primers used are the
same primers as used for the PCR in which the genomic DNA
was used as a template.

By using the genomic DNA of the Thraustochytrium
aureum ATCC 34304 as a template, two DIG-labeled probes
were prepared, and southern blotting was performed with
these probes. The following forward and reverse oligonucle-
otide primers were used for the preparation of the DIG-la-
beled probes.

KO up-probe-F1 (23 mer: 5'-GGG GTC GGC CGG TGC
AGC CTT AG-3") (SEQ ID NO: 230) and KO up-probe-R1
(24 mer: 5'-GGC GGT CAG CGA TCG GTC GGA CTC-3")
(SEQID NO: 231), and KO down-probe-F3 (23 mer: 5'-GCT
TGC GGC TCC TGT TGG GTG AC-3") (SEQ ID NO: 232)
and KO down-probe-R3 (23 mer: 5-ACG CCT GGC TGC
CCA CCA TAA AC-3") (SEQ ID NO: 233)

As aresult, the bands of the wild-type allele (upstream side
2,028 bp, downstream side 2,334 bp) disappeared in the
TA12d disrupted strain, and bands of the homologous recom-
bination fragments (upstream side 5,880 bp and 5,253 bp;
downstream side 1,496 bp and 2,334 bp) containing the
hygromycin-resistant gene and the blasticidin-resistant gene
were detected instead (FIG. 77).

The PCR using the genomic DNA as a template, the RT-
PCR, and southern blotting made it clear that the TA12d was
disrupted.

Example 11-5
Phenotypic Analysis of TA12d Disrupted Strain

Cells cultured in a 250-ml GY liquid medium for 5 days
were collected in 10 ml portions, and absorbance at OD 600
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nm was measured (n=3). After the measurement, the cells
were collected, and washed once with sterilized ultrapure
water. After freeze drying, the dry cell weight was measured
after 1-hour drying with a desiccator (n=3). As a result, no
significant difference was observed in the proliferation
among the wild-type strain, the first allele disrupted strain,
and the TA12d disrupted strain (FIG. 78). The wild-type
strain, the first allele disrupted strain, and the TA12d dis-
rupted strain were GC analyzed for their fatty acid composi-
tions.

As a result, large fatty acid composition changes were
observed. Accumulation of C18:1n9 (OA) in the TA12d dis-
rupted strain was particularly prominent. FIG. 79 represents
the proportion of each component in the fatty acid composi-
tion. FIG. 80 represents fatty acid levels per milligram of dry
cells.

Example 12

Disruption of C20 Elongase Gene and Expression of
w3 Desaturase Gene in Thraustochytrium aureum
ATCC 34304 OrfA Gene Disrupted Strain

Example 12-1

Production of C20 Flongase Gene Targeting and
Saprolegnia diclina-Derived ®3 Desaturase
Expression Vector (Blasticidin-Resistant Gene)

By using the pRH43 (FIG. 39) of Example 5-6 as a tem-
plate, a primer set of the reverse orientation was prepared in a
manner that allows the two restriction enzyme Kpnl sites to
be deleted, and a BamHI site to occur in the deleted portion.
RHO189 and RHO190 both contain BamHI sequences. A
PrimeSTAR Max DNA Polymerase (Takara Bio) was used
for the amplification [RHO189: 28 mer: 5'-TTA GCG GGA
TCC CAA TTC GCC CTA TAG T-3' (SEQ ID NO: 234),
RHO190: 27 mer: 5'-AAT TGG GAT CCC GCT AAG TAT
CTC CCG-3' (SEQ ID NO: 235)] [PCR cycles: 98° C. 2
min/98° C. 10 sec, 55° C. 15 sec, 72° C. 40 sec, 31 cycles/72°
C. 1 min]. After the amplification performed under these
conditions, the product was electrophoresed on an agarose
gel, and purified. The resulting DNA fragment was intro-
duced into Escherichia coli and amplified, and the sequence
was confirmed by using a Dye Terminator Cycle Sequencing
Kit (BECKMAN COULTER). This was named pRH101
(FIG. 81).

By using the pRH101 as a template, a primer set of the
reverse orientation was prepared in a manner that allows for
insertion of a restriction enzyme Kpnl site. RHO191 and
RHO192 both contain Kpnl sequences. A PrimeSTAR Max
DNA Polymerase (Takara Bio) was used for the amplification
[RHO191: 28 mer: 5'-AGA TCT GGT ACC GCA GCG CCT
GGT GCA C-3' (SEQ ID NO: 236), RHO192: 27 mer:
5'-GCT GCG GTA CCA GAT CTG GTC GCG TTT-3' (SEQ
IDNO: 237)] [PCR cycles: 98° C. 2 min/98° C. 10 sec, 55° C.
15 sec, 72° C. 40 sec, 31 cycles/72° C. 1 min]|. After the
amplification performed under these conditions, the product
was electrophoresed on an agarose gel, and purified. The
resulting DNA fragment was introduced into Escherichia coli
and amplified, and the sequence was confirmed by using a
Dye Terminator Cycle Sequencing Kit (BECKMAN
COULTER). This was named pRH102 (FIG. 82).

The pRH48 (FIG. 46) of Example 6-1 was digested with
Kpnl, and a DNA fragment containing a Saprolegnia diclina-
derived w3 desaturase expression cassette was ligated to the
Kpnlsite of the pRH102 (FIG. 82). This was named pRH103.
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The product C20 elongase gene targeting and Saprolegnia
diclina-derived m3 desaturase expression vector pRH103 is
shown in FIG. 83.

Example 12-2

Introduction of C20 Flongase Gene Targeting and
Saprolegnia diclina-Derived ®3 Desaturase
Expression Vector into Thraustochytrium aureum
OrfA Disrupted Strain

By using the C20 elongase gene targeting vector pRH54
(FIG. 39) of Example 5-6 as a template, the gene was ampli-
fied with a PrimeSTAR Max DNA polymerase (Takara Bio)
using KSO11 (Example 5-7; SEQ ID NO: 159) and KSO12
(Example 5-7; SEQ ID NO: 160) as primers [PCR cycles: 98°
C.2 min/98° C. 30 sec, 68° C. 2 min, 30 cycles/68° C. 2 min].
After being extracted with phenol-chloroform and then with
chloroform, the DNA was precipitated with ethanol, and the
precipitate was dissolved in 0.1xTE. The DNA concentration
was calculated by measuring A260/280. The introduced frag-
ment was 3,887 bp, and had the following sequence order:
Upstream of Thraustochytrium aureum C20 elongase gene-
ubiquitin promoter-Enhanced GFP gene sequence-zeocin-re-
sistant gene sequence-SV40 terminator sequence-down-
stream of Thraustochytrium aureum C20 elongase gene
(Example 5-7; SEQ ID NO: 162). The C20 elongase gene
targeting and Saprolegnia diclina-derived ®3 desaturase
expression vector pRH103 (FIG. 83) of Example 12-1 was
digested with a restriction enzyme BamHI. After being
extracted with phenol-chloroform and then with chloroform,
the DNA was precipitated with ethanol, and the precipitate
was dissolved in 0.1xTE. The DNA concentration was calcu-
lated by measuring A260/280. The introduced fragment was
5,611 bp, and had the following sequence order: Upstream of
Thraustochytrium aureum C20 elongase gene-ubiquitin pro-
moter-Saprolegnia diclina-derived ®3 desaturase gene
sequence-ubiquitin terminator-ubiquitin promoter-blastici-
din-resistant gene sequence-SV40 terminator-downstream of
Thraustochytrium aureum C20 elongase gene (SEQ ID NO:
238).

The PUFA PKS pathway-associated gene OrfA gene dis-
rupted strain of Example 4 was cultured in a GY medium for
4 days, and cells in the logarithmic growth phase were used
for gene introduction. The DNA fragment (0.625 pg) was
introduced into cells corresponding to OD600=1 to 1.5 by
using the gene-gun technique (microcarrier: 0.6-micron gold
particles, target distance: 6 cm, chamber vacuum: 26 mmHg,
rupture disk: 1,100 PSI). After a 4- to 6-hour recovery time,
the cells with the introduced gene were applied to a PDA agar
plate medium (containing 20 mg/ml Zeocin or 0.2 mg/ml
blasticidin). As a result, 20 to 60 drug resistant strains were
obtained.

Example 12-3

Introduction of Homologous Recombinant
Containing C20 Elongase Gene Targeting and
Saprolegnia diclina-Derived ®3 Desaturase
Expression Vector Inserted in Genome

Genomic DNA was extracted from the Thraustochytrium
aureum PUFA PKS pathway-associated gene OrfA disrupted
strain, the C20 elongase gene first allele homologous recom-
binant of the Thraustochytrium aureum OrfA disrupted
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strain, and the disrupted strain by using the method described
in Example 3-2. The DNA concentration was then calculated
by measuring A260/280.

The genomic DNA was cut with restriction enzymes, and
electrophoresed on a 0.7% SeaKem GTG agarose gel (Takara
Bio) in about 2 to 3 pg per well. This was transferred to a
nylon membrane, and hybridized at 51° C. for 16 hours with
probes produced with a DIG system (Roche Applied Sci-
ence). RHO94 (Example 5-8; SEQ ID NO: 163) and RHO95
(Example 5-8; SEQID NO: 164) were used for the production
of'the 5'-end probe. RHO96 (Example 5-8; SEQ ID NO:165)
and RHO97 (Example 5-8; SEQ ID NO: 166) were used for
the production of the 3'-end probe. The amplification was
performed under the following conditions, and an LA taq Hot
start version (Takara Bio) was used for the amplification
[PCR cycles: 98° C. 2 min/98° C.30sec, 58° C.30sec, 72° C.
1 min, 30 cycles/72° C. 3 min]. The restriction enzymes used,
and the probe positions are as shown in FIG. 84. Detection of
the hybridized probes was made by using a chromogenic
method (NBT/BCIP solution). Bands of the sizes expected
from the homologous recombination of the drug resistant
genes were observed in the analyses of both the 5' end and the
3'end (FIG. 85).

Example 12-4

Disruption of C20 Elongase Gene in
Thraustochytrium aureum OrfA Disrupted Strain and
Changes in Fatty Acid Composition by Saprolegnia
diclina-Derived m3 Desaturase Expression

The Thraustochytrium aureum ATCC 34304wild-type
strain, and the Saprolegnia diclina-derived w3 desaturase
expressing strain with the double disruption of the PKS path-
way (orfA gene) and the C20 elongase gene were cultured by
using the method of Example 3-9. After freeze drying, the
fatty acids were methylesterificated, and GC analyzed. The
GC analysis was performed with a gas chromatograph
GC-2014 (Shimadzu Corporation) under the following con-
ditions:

Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemical
Industries [.td.)

Column temperature: 150° C.—(5° C./min)—220° C. (10
min)

Carrier gas: He (1.3 m[/min).

Changes in fatty acid composition are represented in FIG.
86. FI1G. 87 represents the proportions relative to the wild-
type strain taken as 100%.

It was found as a result that disrupting the C20 elongase
gene and expressing the Saprolegnia diclina-derived ®3
desaturase in the Thraustochytrium aureum OrfA disrupted
strain increases the C20:4n-6 (AA) about six-fold and the
C20:5n3 (EPA) about ten-fold, and decreases the C22: 6n-3
(DHA) to about Vis.

Example 13
Expression of w3 Desaturase Gene in
Parietichytrium sp. SEK571 C20 Elongase Gene
Disrupted Strain
Example 13-1
Production of Saprolegnia diclina-Derived m3
Desaturase Expression Plasmid Using Hygromycin

as Drug-Resistance Marker

For the production of a Saprolegnia diclina-derived w3
desaturase expression plasmid using hygromycin as a drug-
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resistance marker, a plasmid pRH107 (FIG. 88) was used as
the base plasmid after partially modifying the restriction
enzyme site by subcloning the Parietichytrium C20 elongase
upstream sequence (904 bp, SEQ 1D NO: 239) and Pariet-
ichytrium C20 elongase downstream sequence (721 bp, SEQ
ID NO: 240) into a pGEM-T easy vector. For reference, the
total pRH107 sequence is presented (4,592 bp, SEQ ID NO:
241). The sequence as the base of the expression plasmid
production is not actively used for the introduction of cells in
this experiment, and as such it is not necessarily required to
use pRH107 as the base vector in similar experiments. In
conducting a similar experiment, a cloning vector having a
Kpnl site and a BamHI site in proximity can be used instead.
Here, the sequence between the Kpnl site and the BamHI site
should be as short as possible, because it is introduced into
cells as a linker between the w3 desaturase gene expression
cassette and the drug resistant gene expression cassette. In
this experiment example, the sequence corresponds to the
Parietichytrium C20 elongase downstream sequence 37 bp
(SEQ ID NO: 242).

The pRH48 (FIG. 46) of Example 6-1 was digested with
Kpnl, and the DNA fragment containing the Saprolegnria
diclina-derived w3 desaturase gene cassette was ligated to the
Kpnl site of pRH107 (FIG. 88). This was named pRH108
(FIG. 89).

The pRH32 (FIG. 15) of Example 3-3 was digested with
Bglll, and the DNA fragment containing the hygromycin-
resistant gene cassette was ligated to the BamHI site of
pRH108 (FIG. 89). This was named pRH109 (FIG. 90).

Example 13-2

Introduction of Saprolegnia diclina-Derived m3
Desaturase Expression Plasmid into Parietichytrium
sp. SEK571 C20 Elongase Gene Disrupted Strain

By using the pRH109 (FIG. 90) produced in Example 13-1
as a template, the DNA was amplified with a PrimeSTAR
Max DNA polymerase (Takara Bio), using TMO42 (Example
6-1, SEQ ID NO: 168) and RHOS52 (Example 3-1, SEQ ID
NO: 52) as primers [PCR cycles: 94° C. 30 sec, 72° C. 1 min,
5 cycles/94° C. 30 sec, 70° C. 30 sec, 72° C. 1 min, 5 cycles/
94° C.30sec, 68° C.30 sec, 72° C. 1 min, 25 cycles/72° C. 2
min]. The amplification product was collected form a 1.0%
agarose gel, and precipitated with ethanol. The precipitate
was then dissolved in 0.1xTE. The DNA concentration was
calculated by measuring A260/280. The introduced fragment
obtained by the PCR was 4,448 bp, and had the following
sequence order: Ubiquitin promoter-w3 desaturase gene-
ubiquitin terminator-ubiquitin promoter-hygromycin-resis-
tant gene sequence-SV40 terminator sequence (SEQ ID NO:
243).

The Parietichytrium sp. SEK571 C20 elongase gene dis-
rupted strain produced in Example 10 was cultured in a GY
medium for 3 days, and cells in the logarithmic growth phase
were used for gene introduction. The DNA fragment (0.625
ng) was introduced into cells corresponding to OD600=1 to
1.5 by using the gene-gun technique (microcarrier: 0.6-mi-
cron gold particles, target distance: 6 cm, chamber vacuum:
26 mmHg, rupture disk: 1550 PSI). After a 24-hour recovery
time, the cells with the introduced gene were applied to a PDA
agar plate medium (containing 1.0 mg/ml hygromycin). As a
result, 5 to 20 drug resistant strains were obtained per pen-
etration.
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Example 13-3

Acquisition of Saprolegnia diclina-Derived w3
Desaturase Gene Expressing Strain

Genomic DNA was extracted from the Parietichytrium sp.
SEKS571 C20 elongase gene disrupted strain produced in
Example 10 and the ®3 desaturase gene expressing strain by
using the method described in Example 3-2, and the DNA
concentration was calculated by measuring A260/280. By
using this as a template, a PCR was performed with an LA taq
Hot start version to confirm the genome structure. The posi-
tions of the primers, combinations used for the amplification,
and the expected size of the amplification product are shown
in FIG. 91. RHO90 (27 mer: 5'-CGT TAG AAC GCG TAA
TAC GAC TCA CTA-3' SEQ ID NO: 244) was set on the
ubiquitin promoter, and RHO141 (Example 3-8, SEQ ID NO:
84) was set on the hygromycin-resistant gene [PCR cycles:
98° C. 2 min/98° C. 10 sec, 68° C. 4 min, 30 cycles/68° C. 7
min].

The result of amplification confirmed a band of the
expected size (FIG. 92). That is, a strain was isolated that
contained the introduced expression fragment stably intro-
duced into its genome.

Example 13-4

Changes in Fatty Acid Composition by ®3
Desaturase Expression in Parietichytrium sp.
SEKS571 C20 Elongase Gene Disrupted Strain

The Parietichytrium sp. SEK571 strain, and the o3 desatu-
rase gene expressing strain were cultured by using the method
of Example 3-9. After freeze drying, the fatty acids were
methylesterificated, and GC analyzed. The GC analysis was
performed with a gas chromatograph GC-2014 (Shimadzu
Corporation) under the following conditions:

Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemical
Industries [.td.)

Column temperature: 150° C.—(5° C./min)—220° C. (10
min)

Carrier gas: He (1.3 m[/min).

The w3 desaturase expressing strain reduced levels of the
n-6 series fatty acids, and there was a tendency for the n-3
series fatty acids to increase (FIG. 93). FIG. 94 represents the
proportions relative to the wild-type strain taken as 100%. As
a result, the arachidonic acid was reduced to about Y2, and
EPA increased by a factor of about 1.4.

Example 14
Disruption of Schizochytrium C20 Elongase Gene
Example 14-1

Cloning of Schizochytrium-Derived C20 Elongase
Gene

By using the genomic DNA extracted from Schizochytrium
as a template, a Schizochytrium-derived C20 elongase gene
was amplified by a PCR performed with a forward oligo-
nucleotide primer RHO134 (32 mer: 5'-CCC GGA TCC ATG
GTG GCC AGC GAG GTG CTC AG-3") (SEQID NO: 245)
containing a BamHI site, and a reverse oligonucleotide
primer RHO135 (34 mer: 5'-CCC GGATCC TTA GTCGCG
CTT GAG CTCAGC ATC C-3") (SEQ ID NO: 246) contain-
ing a BamHI site (enzyme used: LA taq Hot Start Version,
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TaKaRa; PCR cycles: 98° C. 2 min/98° C. 30 sec, 53° C. 30
sec, 72° C. 1 min, 30 cycles/72° C. 7 min/4° C. o). The both
specific products were gel purified, cloned into a pGEM-T
easy vector (Promega), and amplified with Escherichia coli.
The sequence was then confirmed by using a Dye Terminator
Cycle Sequencing Kit (BECKMAN COULTER). This was
named pRH70 (FIG. 95). As a result of a base sequence
analysis, a novel gene sequence having a 945-bp (SEQ ID
NO: 248) ORF, encoding 315 amino acids (SEQ ID NO: 247)
was obtained.

Example 14-2

Production of Base Plasmid for ?C20 Elongase Gene
Targeting Vector Production

By using the pRH70 (FIG. 95) produced in Example 14-1
as atemplate, the gene was amplified with a Prime STAR Max
DNA Polymerase (Takara Bio), using a primer set of the
reverse orientation prepared for insertion of a Bglll site in a
portion halfway along the C20 elongase gene sequence. The
primers used are as follows. The both had Bglll linker
sequences [RHO136: 25 mer: 5-CAT CGA GAT CTT CGT
GTT TGT CCA C-3' (SEQ ID NO: 249), RHO137: 25 mer:
5'-ACG AAG ATCTCG ATG CGG GCG TCC C-3' (SEQID
NO: 250)] [PCR cycles: 98° C. 2 min/98° C. 10 sec, 56° C. 15
sec, 72° C. 1 min, 30 cycles/72° C. 1 min]. After the ampli-
fication performed under these conditions, the product was
digested with Bglll, and allowed to self ligate. The ligated
sample was amplified with Escherichia coli, and the sequence
was confirmed by using a Dye Terminator Cycle Sequencing
Kit (BECKMAN COULTER). This was named pRH71. The
C20 elongase gene sequence 945 bp with the inserted BglII
site is represented by SEQ ID NO: 251.

The product base plasmid (pRH71) for the production of
the Schizochytrium C20 elongase gene targeting vector is
shown in FIG. 96.

Example 14-3

Production of Targeting Vectors (Artificial
Neomycin-Resistant Gene and
Hygromycin-Resistant Gene)

The pRH31 (FIG. 13) of Example 2-2 was digested with
Bglll, and the DNA fragment containing an artificial neomy-
cin-resistant gene cassette was ligated to the Bglll site of the
pRH71 (FIG. 96) of Example 14-2. This was named pRH73.

The pRH32 (FIG. 15) of Example 2-3 was digested with
Bglll, and the DNA fragment containing a hygromycin-resis-
tant gene cassette was ligated to the BgllI site of the pRH71
(FIG. 96) of Example 14-2. This was named pKS-SKO.

The two targeting vectors (pRH73 and pKS-SKO) pro-
duced are shown in FI1G. 97.

Example 14-4
Introduction of C20 Elongase Gene Targeting Vector

By using the two targeting vectors produced in Example
14-3 as templates, the gene was amplified with a Prime STAR
GXL polymerase, using a forward primer (SorfF: 20 mer:
5'-AGA TGG TGG CCA GCG AGG TG-3") (SEQ ID NO:
252) containing a translation initiation site, and a reverse
primer (SorfR: 25 mer: 5'-TTA GTC GCG CTT GAG CTC
AGC ATC C-3") (SEQ ID NO: 253) containing a translation
termination site [PCR cycles: 98° C. 2 min/98° C. 30 sec, 60



US 9,062,315 B2

73

30 sec, 72° C. 3 min, 30 cycles]. After being extracted with
phenol-chloroform and then with chloroform, the DNA was
precipitated with ethanol, and the precipitate was dissolved in
0.1xTE. The DNA concentration was then calculated by mea-
suring A260/280. The introduced fragment obtained from
using the pRH73 (FIG. 97) of Example 14-3 as a template was
2,644 bp, and had the following sequence order: First half of
Schizochytrium C20 elongase gene-SV40 terminator
sequence-artificial neomycin-resistant gene sequence-ubiq-
uitin promoter sequence-second half of Schizochytrium C20
elongase gene (SEQ ID NO: 254). The introduced fragment
obtained from using the pKS-SKO (FIG. 97) of Example 14-3
as a template was 2, 881 bp, and had the following sequence
order: First half of Schizochytrium C20 elongase gene-ubig-
uitin ~ promoter  sequence-hygromycin-resistant  gene
sequence-SV40 terminator sequence-second half of
Schizochytrium C20 elongase gene (SEQ ID NO: 255).

The Schizochytrium sp. TY12Ab strain was cultured in a
GY medium for 7 days, and cells in the logarithmic growth
phase were used for gene introduction. The DNA fragment
(0.625 ng) was introduced into cells corresponding to
OD600~1 to 1.5 using the gene-gun technique (microcarrier:
0.6-micron gold particles, target distance: 6 cm, chamber
vacuum: 26 mmHg, rupture disk: 1,100 PSI). After a 24-hour
recovery time, the cells with the introduced gene were applied
to a PDA plate medium (containing 2 mg/ml G418 or 2 mg/ml
hygromycin).

As a result, about 20 drug resistant strains were obtained
per penetration.

Example 14-5

Identification of C20 Elongase Gene Gene Targeting
Homologous Recombinant

The Schizochytrium sp. TY12Ab strain (FERM
BP-11421), the C20 elongase gene hetero homologous
recombinant, and the C20 elongase gene homo homologous
recombinant (gene disrupted strain) were cultured in GY
media, and the resulting cells were centrifuged at 4° C., 3,000
rpm for 10 min to form a pellet. The cells were then lysed at
55° C., 6 h/99.9° C., 5 min after being suspended in a 20-ul
SNET solution [20 mM Tris-HCI; pH 8.0, 5 mM NaCl, 0.3%
SDS, 200 ng/ml Proteinase K (nacalai tesque)]. The resulting
cell lysate was diluted 10 times and used as a template in a
PCR performed with a Mighty Amp DNA polymerase
(Takara Bio) to confirm the genome structure. The positions
of the primers, and the expected size of the amplification
product are shown in FIG. 98. The primers were used in the
SorfF and SorfR combination used in Example 14-4 [PCR
cycles: 98°C. 2 min/98°C. 10sec, 60°C. 15sec, 68° C. 4 min,
30 cycles].

C20 elongase knockout strains were obtained that showed
no amplification of the wild-type allele (Wt allele), but
showed amplification of the artificial neomycin-resistant
gene allele (NeoR allele) and hygromycin-resistant gene
allele (HygR allele) (FIG. 99).

Example 14-6

Changes in Fatty Acid Composition by C20
Elongase Disruption

The Schizochytrium sp. TY12Ab strain and the gene dis-
rupted strain were cultured in GY media. Cells at the late
stage of the logarithmic growth phase were centrifuged at 4°
C., 3,000 rpm for 10 min to form a pellet, suspended in 0.9%
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NaCl, and washed. The cells were further centrifuged at4° C.,
3,000 rpm for 10 min, and the pellet was suspended in sterile
water, and washed. This was centrifuged at 3,000 rpm for 10
min, and freeze dried after removing the supernatant. Then, 2
ml-methanolic KOH (7.5% KOH in 95% methanol) was
added to the freeze dried cells, and, after being vortexed, the
cells were ultrasonically disrupted (80° C., 30 min).

The cells were vortexed after adding sterile water (500 pl),
and vortexed again after adding n-hexane (2 ml). This was
followed by centrifugation at 3,000 rpm for 10 min, and the
upper layer was discarded. The cells were vortexed again
after adding n-hexane (2 ml), and centrifuged at 3,000 rpm for
10 min. After discarding the upper layer, 6 N HCI1 (1 ml) was
added to the remaining lower layer, and the mixture was
vortexed. The mixture was vortexed again after adding n-hex-
ane (2 ml). This was followed by centrifugation at 3,000 rpm
for 10 min, and the upper layer was collected. The mixture
was further vortexed after adding n-hexane (2 ml), centri-
fuged at 3,000 rpm for 10 min, and the upper layer was
collected. The collected upper layer was then concentrated
and dried with nitrogen gas. The concentrated dry sample was
incubated overnight at 80° C. after adding 3 N methanolic
HCI (2 ml).

The sample was allowed to cool to room temperature, and
0.9% NaCl (1 ml) was added. The mixture was vortexed after
adding n-hexane (2 ml). This was followed by centrifugation
at 3,000 rpm for 10 min, and the upper layer was collected.
The mixture was further vortexed after adding n-hexane (2
ml), centrifuged at 3,000 rpm for 10 min, and the upper layer
was collected. After adding a small amount of anhydrous
sodium sulfate to the collected upper layer, the mixture was
vortexed, and centrifuged at 3,000 rpm for 10 min. After
collecting the upper layer, the upper layer was concentrated
and dried with nitrogen gas. The concentrated dry sample was
dissolved in n-hexane (0.2 ml), and 2 pl ofthe sample was GC
analyzed. The GC analysis was performed with a gas chro-
matograph GC-2014 (Shimadzu Corporation) under the fol-
lowing conditions:

Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemical
Industries [.td.)

Column temperature: 150° C.—(5° C./min)—220° C. (10
min)
Carrier gas: He (1.3 mL/min).

As a result, knocking out the C20 elongase in the
Schizochytrium sp. TY 12 Ab strain increased fatty acids of 20
carbon chain length (FIG. 100). FIG. 101 represents the pro-
portions relative to the wild-type strain taken as 100%.

As can be seen from these results, the arachidonic acid
increased about 1.7-fold, EPA about 1.3-fold, DPA (n-6)
about 1.1-fold, and DHA about 0.9-fold.

INDUSTRIAL APPLICABILITY

The present invention provides a method for transforming
stramenopile through disruption of stramenopile genes and/
or inhibition of expression thereof, modification of the fatty
acid composition produced by a stramenopile, and a method
for highly accumulating fatty acids in a stramenopile. The
present invention thus enables more efficient production of
polyunsaturated fatty acids.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 255

<210> SEQ ID NO 1

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 1

ttyytncayg tntaycayca y

<210> SEQ ID NO 2

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 2

gertgrtgrt anacrtgnar raa

<210> SEQ ID NO 3

<211> LENGTH: 190

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: cDNA (DNA fragment
<400> SEQUENCE: 3

cgccaccate tttgctatet ggtttatgat cgecaagtac
ctttagegte atcctgaact cgttegtgea caccgtcatg
gtcgcaggge ttegggtteg tcaagecgat caagccgtac
gcagttcatyg

<210> SEQ ID NO 4

<211> LENGTH: 210

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: cDNA (DNA fragment
<400> SEQUENCE: 4

ccgacgacca gcacaccgag tgggtctegt gegtgegett
cgctgategt gtegtgegge tgggacaage tcgtcaaggt

agctteggge caacctcate ggccacgacg gctacctcaa

acggcteect gtgegetteg ggeggcaagg

containg elol)

gececgggeyg gegacgcata
tacgcgtact acttcttete

atcacctege tgcagatgac

containg elo2)

ctcgeecteyg accaccaace
ctggaaccte tcgaactgca

ctcggtcace gtcagecegyg

21

23

60

120

180

190

60

120

180

210
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-continued

78

<210> SEQ ID NO 5

<211> LENGTH: 200

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: cDNA (DNA fragment contains elo3)

<400> SEQUENCE: 5

aagctaacct gggegtagtt tttettgagg atcatcatga acgtgteget ccagtcgaga
aactttgtca ggaggtgcac gaacacgaaa aactcgatgt tegagtcegeg cgacttgttg
aggccgaaag ggttgeegtt ggecaggteg acctgeggece agaggeccca caccatccag

ccgcacacceyg cgatttggac

<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 6

tatgatcgce aagtacgcce ¢

<210> SEQ ID NO 7

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 7

gaactgegte atctgcageg a

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 8

tctegeccte gaccaccaac

<210> SEQ ID NO 9

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 9

cggtgaccga gttgaggtag cc

<210> SEQ ID NO 10

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 10

caacccttte ggectcaaca ag

<210> SEQ ID NO 11

60

120

180

200

21

21

20

22

22
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-continued

80

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 11

ttcttgagga tcatcatgaa cgtgte

<210> SEQ ID NO 12

<211> LENGTH: 1139

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: cDNA (elol)

<400> SEQUENCE: 12

ctaatacgac tcactatagg gcaagcagtg gtaacaacgce agagtacgeg gggaccccaa
acgcccgacg acaaccaaga agacagcecag ccgaacaatce ggacgaagat gacgagcaac
atgagcgegt ggggegtege cgtegaccag acgcageagg tegtcgacca gatcatggge
ggcgccgage cgtacaaget gacagaaggyg cgcatgacga acgtcgagac gatgetggeg
atcgagtgeg gctacgecge catgetgetg ttectgaccee cgatcatgaa gcaggccgag
aagccctteg agctcaagte cttcaagete geccacaace tgtteetgtt cgtectgtece
gectacatgt gectegagac cgtecgecag gectaccttyg cgggetacte ggtgttegge
aacgacatgg agaagggcag cgagccgeac gegcacggea tggeccaaat cgtgtggate
ttttacgtgt ccaaggcgta cgagttegtg gacacgetga tcatgatcect gtgcaaaaag
ttcaaccagg tctcegtect geacgtgtac caccacgcca ccatctttge tatctggttt
atgatcgeca agtacgeccee gggeggegac gcatacttta gegtcatect gaactegtte
gtgcacaccg tcatgtacgce gtactactte ttectegtege agggettegg gttegtcaag
ccgatcaage cgtacatcac ctegetgeag atgacgeagt tcatggegat getcegtgeag
tcgetgtacyg actaccttta ceegtgegac taccegeagg ggctcegtcaa getcectegge
gtgtacatge tcaccctget tgegetcette ggcaactttt tegtgcagag ctacctcaag
aagtcgaaca agcccaagge caagteggece taagecgace cgcetcegeegg caaccgagca
gecacctagge gcatctegge ceggaacctt ttegacctge tgtggagege gegacgegtt
tcgegacegt ccgegegtte ttgacactet ttgetetgtg tgtttegeac ttgacaacct
ggaacagaca catacacgat acaaatcatc agaacagaca aaaaacaacc tcaaattat
<210> SEQ ID NO 13

<211> LENGTH: 1261

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: cDNA (elo3)

<400> SEQUENCE: 13

ctaatacgac tcactatagg gcaagcagtg gtatcaacge agagtacgeg gggaccccga
acgtgtttet cccaggacgt gecgetgteg ctegetgate cacccgaage geggtegget
ggcacggtceg cteggctgga agttgagtag tttgetttet gttactgege tgetttgtaa
acgcgaccat ggcgacgege acctcgaaga gegetcegge ggtttecaag tceggecaagg

ttgcecgegee ggcgaagaag cggteggteg acaggagega cggtttette cgcacgttca

acctgtgege cctgtacggg tetgeccteg cctatgegta caagcacgge ccggtggaca

26

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1139

60

120

180

240

300

360
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-continued
atgacggcca ggggctgtac tttcacaagt cgeccatgta cgegttegece gtgteggacyg 420
tcatgacctt cggegegecg ctgatgtacg tgeteggtgt gatgetgete agcaggtaca 480
tggcggacaa aaagcccectg actggettca tcaagaccta catccagecce gtctacaacyg 540
tggtccaaat cgcggtgtge ggctggatgg tgtggggect ctggeccgcayg gtcgacctgg 600
ccaacggcaa ccctttegge ctcaacaagt cgegcgacte gaacatcgag tttttegtgt 660
tegtgcacct cctgacaaag tttctcgact ggagcgacac gttcatgatg atcctcaaga 720
aaaactacgc ccaggttagce tttctgecagg tgttccacca cgcaacgatce ggcatggtgt 780
ggtegttect tettcagegt ggctggggcet cgggcaccge cgegtacggt getttcatca 840
actcggtcac gcacgtgatc atgtactecge actactttge cacctegetce aacatcaaca 900
acccgttcaa geggtacatc acgagcettece agetcgecca gtttgcaage tgcatcgtge 960
atgccctact ggtgcttgece ttcgaggagg tgtacceget cgagtacget tacctgcaga 1020
tcagctacca catcatcatg ctctacctgt tcggacgecg catgaactgg agccccgagt 1080
ggtgcaccygyg tgagatcgac ggccttgacg ccccaagcege ceccaccaag tccgagtaaa 1140
cctgttteeg getggctece gagccatgct taccatgaat gaacctgcaa acagtctgag 1200
gtcettgtge aaaccgctca gtgggacgtc gacgaagaaa gaaacaatgt gtactcgtcece 1260
c 1261

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN
<220> FEATU

D NO 14
H: 275
PRT

ISM: T. aureum ATCC 34304

RE:

<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (275).

. (275)

<223> OTHER INFORMATION: Xaa can be

<400> SEQUENCE: 14

Met Thr Ser
1

Gln Val Val
Glu Gly Arg
35

Tyr Ala Ala
50

Lys Pro Phe
65

Phe Val Leu

Leu Ala Gly

Pro His Ala
115

Lys Ala Tyr
130

Phe Asn Gln
145

Ala Ile Trp

Phe Ser Val

Asn Met Ser Ala Trp

Asp Gln Ile Met Gly

20

Met Thr Asn Val Glu

40

Met Leu Leu Phe Leu

55

Glu Leu Lys Ser Phe

70

Ser Ala Tyr Met Cys

85

Tyr Ser Val Phe Gly

100

His Gly Met Ala Gln

120

Glu Phe Val Asp Thr

135

Val Ser Val Leu His
150

Phe Met Ile Ala Lys

165

Ile Leu Asn Ser Phe

Gly

Gly

Thr

Thr

Lys

Leu

Asn

105

Ile

Leu

Val

Tyr

Val

any

Val

10

Ala

Met

Pro

Leu

Glu

90

Asp

Val

Ile

Tyr

Ala
170

His

naturally occurring

Ala

Glu

Leu

Ile

Ala

75

Thr

Met

Trp

Met

His

155

Pro

Thr

Val Asp Gln

Pro Tyr Lys
30

Ala Ile Glu
45

Met Lys Gln
60

His Asn Leu

Val Arg Gln

Glu Lys Gly
110

Ile Phe Tyr
125

Ile Leu Cys
140
His Ala Thr

Gly Gly Asp

Val Met Tyr

Thr Gln
15

Leu Thr

Cys Gly

Ala Glu

Phe Leu
80

Ala Tyr
95

Ser Glu

Val Ser

Lys Lys

Ile Phe
160

Ala Tyr
175

Ala Tyr

amino acid
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Tyr

Tyr

Ser

225

Lys

Phe

Ser

Phe

Ile

210

Leu

Leu

Phe

Ala

Phe

195

Thr

Tyr

Leu

Val

Xaa
275

180

Ser

Ser

Asp

Gly

Gln
260

Ser

Leu

Tyr

Val

245

Ser

Gln

Gln

Leu

230

Tyr

Tyr

Gly

Met

215

Tyr

Met

Leu

Phe

200

Thr

Pro

Leu

Lys

185

Gly

Gln

Cys

Thr

Lys
265

Phe

Phe

Asp

Leu

250

Ser

Val Lys

Met Ala
220

Tyr Pro
235

Leu Ala

Asn Lys

Pro

205

Met

Gln

Leu

Pro

190

Ile

Leu

Gly

Phe

Lys
270

Lys

Val

Leu

Gly

255

Ala

Pro

Gln

Val

240

Asn

Lys

<210> SEQ ID NO 15
<211> LENGTH: 825

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: cDNA (T.

<400> SEQUENCE: 15

atgacgagca

cagatcatgg

acgatgctgg

aagcaggccg

ttegtectgt

tceggtgtteg

atcgtgtgga

ctgtgcaaaa

gctatetggt

ctgaactegt

gggttegtcea

atgctegtge

aagctecteg

agctacctca

acatgagcge

gcggegecga

cgatcgagtyg

agaagccctt

ccgectacat

gcaacgacat

tcettttacgt

agttcaacca

ttatgatcge

tcgtgeacac

agccgatcaa

agtcgetgta

gegtgtacat

agaagtcgaa

<210> SEQ ID NO 16
<211> LENGTH: 317

<212> TYPE:

<213> ORGANISM: T.

PRT

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(317) .

gtggggcgte
gecegtacaag
cggctacgec
cgagctcaag
gtgcctegag
ggagaagggce
gtccaaggceyg
ggtctecgte
caagtacgcc
cgtcatgtac
gecegtacatce
cgactacctt
gctcacecety

caagcccaag

. (317)

geegtegace

ctgacagaag

gecatgetge

tccttcaage

accgteegec

agcgagccge

tacgagttecg

ctgcacgtgt

c¢cgggceggey

gegtactact

acctegetge

tacccgtgeg

cttgegetet

gccaagtegyg

aureum ATCC 34304

agacgcagca

ggcgcatgac

tgttcctgac

tcgeccacaa

aggcctacct

acgcgcacgg

tggacacgct

accaccacgc

acgcatactt

tcettetegte

agatgacgca

actacccgca

tcggcaactt

cctaa

aureum ATCC 34304 elol)

ggtegtegac
gaacgtcgag
cccgatcatyg
cctgttecty
tgcgggctac
catggcccaa
gatcatgatc
caccatcttt
tagcgtcatce
gcagggcette
gttcatggeg
ggggctegte

tttegtgeag

60

120

180

240

300

360

420

480

540

600

660

720

780

825

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 16

Met Ala Thr Arg Thr Ser Lys Ser Ala Pro Ala Val Ser Lys Ser Ala

1

5

10

15

Lys Val Ala Ala Pro Ala Lys Lys Arg Ser Val Asp Arg Ser Asp Gly

20

25

30

Phe Phe Arg Thr Phe Asn Leu Cys Ala Leu Tyr Gly Ser Ala Leu Ala

35

40

45
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Tyr Ala Tyr
Phe His Lys
65

Phe Gly Ala

Tyr Met Ala

Gln Pro Val

115

Trp Gly Leu
130

Leu Asn Lys
145

Leu Leu Thr

Lys Lys Asn

Thr Ile Gly

195

Gly Thr Ala
210

Met Tyr Ser
225

Lys Arg Tyr

Val His Ala

Tyr Ala Tyr

275

Gly Arg Arg
290

Gly Leu Asp
305

<210> SEQ I
<211> LENGT.
<212> TYPE:

Lys His Gly Pro Val

55

Ser Pro Met Tyr Ala

70

Pro Leu Met Tyr Val

85

Asp Lys Lys Pro Leu

100

Tyr Asn Val Val Gln

120

Trp Pro Gln Val Asp

135

Ser Arg Asp Ser Asn
150

Lys Phe Leu Asp Trp

165

Tyr Ala Gln Val Ser

180

Met Val Trp Ser Phe

200

Ala Tyr Gly Ala Phe

215

His Tyr Phe Ala Thr
230

Ile Thr Ser Phe Gln

245

Leu Leu Val Leu Ala

260

Leu Gln Ile Ser Tyr

280

Met Asn Trp Ser Pro

295

Ala Pro Ser Ala Pro
310

D NO 17
H: 951
DNA

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION: cDNA (T.

RE:

<400> SEQUENCE: 17

atggcgacge

ceggegaaga

geecctgtacy

caggggctgt

tteggegege

aaaaagcccc

atcgeggtgt

aacccttteg

ctcectgacaa

gcacctcgaa

agcggtegge

ggtetgeect

actttcacaa

cgctgatgta

tgactggett

geggetggat

gectcaacaa

agtttctega

gagegcetecyg

cgacaggagce

cgectatgeg

gtcegeccaty

cgtgcteggt

catcaagacc

ggtgtgggge

gtcegegegac

ctggagcgac

Asp

Phe

Leu

Thr

105

Ile

Leu

Ile

Ser

Phe

185

Leu

Ile

Ser

Leu

Phe

265

His

Glu

Thr

Asn

Ala

Gly

90

Gly

Ala

Ala

Glu

Asp

170

Leu

Leu

Asn

Leu

Ala

250

Glu

Ile

Trp

Lys

Asp

Val

75

Val

Phe

Val

Asn

Phe

155

Thr

Gln

Gln

Ser

Asn

235

Gln

Glu

Ile

Cys

Ser
315

geggttteca

gacggtttet

tacaagcacg

tacgcgtteg

gtgatgctge

tacatccage

ctetggecge

tcgaacateg

acgttcatga

Gly Gln Gly
60

Ser Asp Val

Met Leu Leu

Ile Lys Thr

110

Cys Gly Trp
125

Gly Asn Pro
140

Phe Val Phe

Phe Met Met

Val Phe His
190

Arg Gly Trp
205

Val Thr His
220

Ile Asn Asn

Phe Ala Ser

Val Tyr Pro
270

Met Leu Tyr
285

Thr Gly Glu
300

Glu Xaa

agtcggccaa
tccgcacgtt
gececggtgga
cegtgtegga
tcagcaggta
ccgtctacaa
aggtcgacct
agtttttegt

tgatcctcaa

Leu Tyr

Met Thr
80

Ser Arg
95

Tyr Ile

Met Val

Phe Gly

Val His

160

Ile Leu
175

His Ala

Gly Ser

Val Ile

Pro Phe

240
Cys Ile
255
Leu Glu

Leu Phe

Ile Asp

aureum ATCC 34304 elo3l)

ggtthCgCg

caacctgtge

caatgacggce

cgtcatgace

catggcggac

cgtggtccaa

ggccaacgge

gttegtgceac

gaaaaactac

60

120

180

240

300

360

420

480

540



87

US 9,062,315 B2

-continued

88

geccaggtta
cttetteage
acgcacgtga
aagcggtaca
ctggtgettyg
cacatcatca

ggtgagatcg

getttetgea
gtggetgggy
tcatgtactce
tcacgagett
ccttegagga
tgctctacct

acggecttga

<210> SEQ ID NO 18
<211> LENGTH: 38

<212> TYPE

: DNA

ggtgttccac

ctegggeace

gcactacttt

ccagctegec

ggtgtaccceyg

gtteggacge

cgcecccaage

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 18

cacgcaacga tcggcatggt
geegegtacyg gtgettteat
gccacctege tcaacatcaa
cagtttgcaa gctgcategt
ctcgagtacyg cttacctgea
cgcatgaact ggagccccga

gececcacca agtccgagta

ataagcttaa aatgtctage aacatgageg cgtgggge

<210> SEQ ID NO 19
<211> LENGTH: 28

<212> TYPE

: DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 19

tgtctagaac gcgcggacgg tcgegaaa

<210> SEQ ID NO 20
<211> LENGTH: 40

<212> TYPE

: DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 20

taaagcttaa aatgtctacg cgcacctega agagegetcece

<210> SEQ ID NO 21
<211> LENGTH: 31

<212> TYPE

: DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 21

catctagact cggacttggt gggggegett g

<210> SEQ ID NO 22
<211> LENGTH: 949

<212> TYPE

: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 22

ataagcttaa

aatgacgagc

aacatgagcg

aggtcgtega ccagatcatg ggeggegeeg

cgaacgtcega gacgatgetg gegatcgagt

ccecegatceat

gaagcaggce

gagaagccct

cDNA (TaELOl coding region)

cgtggggegt cgccgtegac
agccgtacaa gctgacagaa
geggetacge cgecatgetg

tcgagetcaa gtecttcaag

gtggtegtte

caactecggte

caaccegtte

gecatgcccta

gatcagctac

gtggtgcacce

a

cagacgcage

gggcgcatga

ctgttectga

ctcgeccaca

600

660

720

780

840

900

951

38

28

40

31

60

120

180

240
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acctgttecet gttegtectg tececgectaca tgtgcctega gaccgteege caggectace 300
ttgegggcta cteggtgtte ggcaacgaca tggagaaggg cagcgageceyg cacgegcacyg 360
gcatggecca aatcgtgtgg atcttttacg tgtccaagge gtacgagtte gtggacacge 420
tgatcatgat cctgtgcaaa aagttcaacc aggtcteegt cctgcacgtyg taccaccacyg 480
ccaccatctt tgctatctgg tttatgatcyg ccaagtacge ceegggegge gacgeatact 540
ttagcgtcat cctgaacteg ttegtgecaca cegtcatgta cgegtactac ttettetegt 600
cgcagggett cgggttegte aagccgatca agecgtacat cacctegetyg cagatgacge 660
agttcatgge gatgetegtg cagtegetgt acgactacct ttaccegtge gactaccege 720
aggggctegt caagetccte ggegtgtaca tgetcaccet gettgegete tteggcaact 780
ttttegtgeca gagctaccte aagaagtcga acaagcccaa ggccaagteyg gectaageceyg 840
accegetege cggcaaccga gcagcaccta ggegcatcte ggeccggaac cttttegace 900
tgetgtggag cgcgegacge gtttegegac cgtecgegeyg ttetagaca 949
<210> SEQ ID NO 23
<211> LENGTH: 967
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: cDNA (TaELO2 coding region)
<400> SEQUENCE: 23
taaagcttaa aatggecgacg cgcacctega agagcegetece ggeggtttece aagteggeca 60
aggttgcege gecggegaag aageggtegg tegacaggag cgacggttte tteegeacgt 120
tcaacctgty cgcectgtac gggtetgece tegectatge gtacaagecac ggeceggtgyg 180
acaatgacgg ccaggggctg tactttcaca agtcgcccat gtacgegtte geegtgtegyg 240
acgtcatgac ctteggegeg ccgctgatgt acgtgetegyg tgtgatgetyg ctcagcaggt 300
acatggcgga caaaaagccc ctgactgget tcatcaagac ctacatccag cccegtctaca 360
acgtggtcca aatcgeggtyg tgcggetgga tggtgtgggg cetetggeey caggtcgace 420
tggccaacgg caacccttte ggcctcaaca agtcgegega ctegaacatce gagttttteg 480
tgttegtgea cctectgaca aagttteteyg actggagega cacgttcatyg atgatcctea 540
agaaaaacta cgcccaggtt agetttetge aggtgttceca ccacgcaacyg atcggeatgg 600
tgtggtegtt ccttettecag cgtggetggyg getegggeac cgecgegtac ggtgetttea 660
tcaactcggt cacgcacgtg atcatgtact cgecactactt tgccaccteyg ctcaacatca 720
acaacccgtt caageggtac atcacgaget tecagetege ccagtttgea agetgeateg 780
tgcatgccet actggtgett gecttegagyg aggtgtacce getegagtac gettacctge 840
agatcagcta ccacatcatce atgctctace tgtteggacyg cegcatgaac tggageceeg 900
agtggtgcac cggtgagatc gacggecttyg acgccccaag cgeccccace aagtecgagt 960
ctagatg 967

<210> SEQ ID NO 24
<211> LENGTH: 1122

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 24

cDNA (TaELO2 ORF upstream region)
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cgttagaacg cgtaatacga ctcactatag ggatatccee cgecgaggega tggetgetce 60
gacgacgtygyg gctggcgacyg tcgctegcaa aggcegttcceg caaccgegeg ttecgetgta 120
acgagaccgt ttteectgeg ctgctgggtyg gacctagege gtgtgtcace tgceggecce 180
cgttgegtge aaccgaattg atcgataata gaattacata acaaacaact tgctggatga 240
gtacaagacc agcgtagtgt ggctgtggga cgttgaacgg agcgggtect gtgacggege 300
agaaaggaac tccgeccgag gtgaaacccece gatgegcagyg actctgegge cacageccct 360
ccgecagtat tccactaaaa atccgeccece tttgacaaag atcgcaacce cgtceccatca 420
actcctcaca ataggetttce cactggegga aacgtcceeg gcacaggagt gccteccgeg 480
gttetgegea tacggctgac cactacgcag cgcgatatce tecatccgeg tatatatceceg 540
taaacaacgg aacattctcc ctctcaacga ggegtggttt tcegaagccat gectttette 600
cttcctactt gecttcectte tttetttett tetttectte ttttgcaage gtgcgcgaac 660
ttgaaggtac tacttacact tgacagagag agatagagac ggcaattcga ccaagtactt 720
tccacgattt tttttttttt tgttttggte gctttegttg gtcgtgcatg atggatggcece 780
gggattttta caattggatg cgccaggctg ccacgcatge cgtgacgctce getecgeggeg 840
actcatgatg cttgccagtg gcagtgecatce cagetcttee ctetgctegt cgtgtactca 900
ctggegatge tcteggeget cgttcaaggg ccatcgateg atcgatcgat cgatcgatcg 960
atcaatcacg tttggtggac tcggcagacc ccgaacgtgt ttctecccagg acgtgccgcet 1020
gtcgecteget gatccacceg aagegcggte ggctggcacyg gtegcectegge tggaagttga 1080
gtagtttgct ttectgttgct gcgectgettt gtaaacgcga cc 1122
<210> SEQ ID NO 25
<211> LENGTH: 1204
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: cDNA (TaELO2 downstream region)
<400> SEQUENCE: 25
acctgtttee ggcetggetcee cgagccatge ttaccatgaa tgaacctgca aacagtctga 60
ggtecttgtyg caaaccgcte agtgggacgt cgacgaagaa agaaacaatg tgtactcgte 120
ttgctetget ceccgegeegt tttttatcgt tgttgagacce tcectcecgegcag ttttgggaat 180
caaccaaaac aagagcccgg cgtcagegtt tgettegece teggetgcac tcegetcggea 240
cgcaggtata actgggtgag taccaagccce cgeatttgte tgteccgcegat ccgegcacge 300
tgcgggtcag gacgacatcg cgctgcacgt cacagtgggt ccecttttgac gtggetgegg 360
cgatgaggag gcttggetceg gettcatgge aaggcaacag actcegcttece aggacgegca 420
cgacgagcag cgctgetttg atcgaccttg cectgegtecac cgectegget getttgatceg 480
atcgttgtca ccggecgagt gaccgcgaac geattgeceg cacggctegyg ctceggetegg 540
accggaccgg ctegecttgg cggcgeggeg cgatggcgac ccagacgcega ccggagecge 600
gegeggagga caaggccatg ttcatctteg ggctegggta cgttgggage aggcetcgeca 660
accagctgge ggaacagggg tggegegteg cggggteggt gagggagcetc gggcgegagyg 720
acgactttgce cgagttcgaa aagtccaagce tgagcggcaa ggtgcaggtyg ttccgactcee 780
cgettgaggg cgaggacaac acgcccgete gegegeggga gatacttage gggtaccage 840
acctgetgtt cacggegeca gtggaccgeg cecggaactyg tgacccctte ttgggegace 900
cegttetegg cccegtgate gtcgagetag cagaggaggyg ccegeatcgac tgggecgget 960
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atctctcaac

cgcteatgee

acgagtcggg

geccgatatce

cactteggte

cacgctcaaa

ccteceggec

acgaattcte

tacggcaacc
cgeggegage
catatctttc

tccctatagt

acgacggcga gtgggtggac gagaccacgc 1020
agcgcgtcecat ggtggagcgce gecttcectgt 1080
ggctgccagg aatctacggce ccagggcegcyg 1140

gagtcgtatt acgcgttcta acgacaatat 1200

gtac

<210> SEQ ID NO 26

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 26

ctececegggty gacctagege gtgtgtecace t

<210> SEQ ID NO 27

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 27

ggtcgegttt acaaagcage gcage

<210> SEQ ID NO 28

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 28

getgegetge tttgtaaacg cgaccatgat tgaacaggac ggecttcacyg ct

<210> SEQ ID NO 29

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 29

tcgggageca gecggaaaca ggttcaaaag aactegteca ggaggeggta ga

<210> SEQ ID NO 30

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 30

acctgtttece ggctggetee cga

<210> SEQ ID NO 31

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

1204

31

25

52

52

23
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<400> SEQUENCE: 31

atccegggge cgagaacggg gtegecc

<210> SEQ ID NO 32
<211> LENGTH: 2696

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: c¢DNA (TaELO2 ORF upstream/Neor/TaELO2 ORF

downstream)

<400> SEQUENCE: 32

ctececegggty

atcgataata

ggctgtggga

gtgaaaccce

atcegecccee

cactggecgga

cactacgcag

ctctcaacga

tttectttett

tgacagagag

tgttttggte

cgccaggetyg

gcagtgcatce

cgttcaaggyg

tcggcagace

aagcgeggte

gegetgettt

thttgggtg

cgcggecgtyg

tagcggegec

gggggttecg

ccteggggaa

gtccatcatg

cgaccaccag

cgaccaagac

gcttaagget

ccccaacatce

cgtggcggac

cggcgagtgg

gattgegtte

gccatgetta

gggacgtcga

gacctagege

gaattacata

cgttgaacgyg

gatgcgcagg

tttgacaaag

aacgtcceeg

cgcgatatce

ggcgtggttt

tctttectte

agatagagac

getttegtty

ccacgcatge

cagctettec

ccatcgateg

ccgaacgtgt

ggCtggCan

gtaaacgcga

gaacggctgt

ttcegectta

ctcaacgage

tgcgecegety

gtgcceggee

gecgacgeca

gcgaagcaca

gacctcgacy

aggatgccgg

atggtcgaga

cgctaccaag

gecgaccget

taccgectee

ccatgaatga

cgaagaaaga

gtgtgtcace

acaaacaact

agcgggtect

actctgegge

atcgcaacce

gcacaggagt

tccatecegeg

tcgaagecat

ttttgcaage

ggcaattcga

gtcegtgeatyg

cgtgacgett

ctctgetegt

atcgatcgat

ttcteccagy

gtegetegge

ccatgattga

tcggctacga

gcgcegeagygy

tccaggacga

tgctcgacgt

aggacctect

tgcgcegect

ggatcgaacyg

aggagcacca

acggcgagga

acggcegett

acatcgeget

ttetegtget

tggacgagtt

acctgcaaac

aacaatgtgt

tgceggecee

tgctggatga

gtgatggcge

cacagccect

cgtecccatca

gecteeegeyg

tatatatccg

gectttette

gtgcgegaac

ccaagtactt

atggatggec

getegeggeg

cgtgtactca

cgatcgateg

acgcgecget

tggaagttga

acaggacggc

ctgggcetceag

ceggeeggte

agctgecege

cgtcaccgaa

cagcagccac

gcacacccte

cgcecegecacy

gggCCthCg

cctegtggte

ctcegggettt

cgccacgegy

ctacggcatce

cttttgaacc

agtctgaggt

actcgtettyg

cgttgegtge

gtacaagacc

agaaaggaac

ccgecagtat

actcctcaca

gttetgegea

taaacaacgg

cttectactt

ttgaaggtac

tccacgattt

gggattttta

actcatgatg

ctggcgatge

atcaatcacyg

gtegeteget

gtagtttget

cttcacgety

cagacgatcg

ctgtttgtca

ctcagetgge

gccggcecgceyg

ctegegecey

gacccegeca

cggatggagg

ceggeggaac

acgcacggeg

atcgactgeg

gacatcgeceg

gecgeccegg

tgtttccgge

ccttgtgeaa

ctectgetece

aaccgaattyg

agcgtagtgt

tcegeccgag

tccactaaaa

ataggcettte

tacggctgac

aacattctcce

gecttectte

tacttacact

ttceeeeeet

caattggatg

cttgccagty

tcteggeget

tttggtggac

gatccacceg

ttetgttget

getegecege

getgetegga

agaccgacct

ttgccacgac

actggetget

ctgagaaggt

cctgecectt

ctggectegt

tgttcgecag

acgectgect

ggcgectggyg

aggagcttgg

acagccagag

tggcteccga

accgctcagt

gegeegtttt

27

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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ttatcgttgt tgagacctct cgegeagttt
cagegtttge ttegeecteg getgeacteg
caagcccoge atttgtetgt cegegatceg
tgcacgtcac agtgggtece ttttgacgtg
tcatggcaag gcaacagact cgctteeggg
gaccttgect gegtcaccge cteggetget
cgcgaacgca ttgccegeac ggeteggete
cgeggegega tggcgaccca gacgeggeceg
atctteggge tcgggtacgt tgggagcagg
cgcgtecgegg ggtceggtgag ggagcteggg
tccaagctga geggcaaggt gcaggtgtte
ccegetegeg cgegggagat acttageggg
gaccgegece ggaactgtga ccccttettg
<210> SEQ ID NO 33

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer
<400> SEQUENCE: 33

ggatatccce cgcgaggcga tggetgetee
<210> SEQ ID NO 34

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer
<400> SEQUENCE: 34

tgatatcggg ccgegecctyg ggecgtagat
<210> SEQ ID NO 35

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer
<400> SEQUENCE: 35

gtacgtgcete ggtgtgatge tgete
<210> SEQ ID NO 36

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 36
geggegtecg aacaggtaga gcat
<210> SEQ ID NO 37

<211> LENGTH: 35

<212> TYPE: DNA
<213> ORGANISM: Artificial

tgggaatcaa
cteggcacge
cgcacgetge
getgeggega
acgcgcacga
ttgatcgatc
ggcecggace
gagccgegeyg
ctcgecaace
cgcgaggacyg
cgactecege

taccagcacc

ggcgaccecy

ccaaaacaag
aggtataact
gggtcaggac
tgaggaggct
cgagcagege
gttgtcaccg
ggaccggcete
cggaggacaa
agctggcgga
actttgccga
ttgagggcga
tgctgttcac

ttcteggece

agcccggegt
gggtgagtac
gacatcgege
tggctegget
tgctttgate
gecgagtgac
gecettggegyg
ggccatgtte
acaggggtgg
gttcgaaaag
ggacaacacg
ggcgecagtg

cgggat

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2696

30

30

25

24
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<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 37

atccgegtat atatccgtaa acaacggaac attct

<210> SEQ ID NO 38

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 38

cttegggtgyg atcagegage gacagce

<210> SEQ ID NO 39

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 39

geegecagege ctggtgcace cgceeggyg

<210> SEQ ID NO 40

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 40

tcgegggtga gttcaggett ttteatgttg getagtgttg cttaggtege ttgetgetg

<210> SEQ ID NO 41

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 41

agcgacctaa gcaacactag gccaacatga aaaagectga actcaccgeg acgtcetg

<210> SEQ ID NO 42

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 42

ctattecttt geecteggac gagtgetgg

<210> SEQ ID NO 43

<211> LENGTH: 1636

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: cDNA (T. aureum ATCC 34304 ubiruitin
promoter/Hygr)

<400> SEQUENCE: 43

getagecgea gegectggtg cacccgeegyg gegttggttg tgtgtgetat ttactatgec

35

26

27

59

57

29

60
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taccgagaga gagagcggag cggatgcata ggaaatcggg ccacgceggga gggcecatgeg 120
ttegecccac acgccactta taccacgecce getctcetete cggecggcag gcagegcata 180
actataccga cgctggcagg cttggtagca actggcaggyg acaactcgeyg cgcgggtcece 240
ggtegttega tgtgccaace cgagagaatc cagccagcag ggcggttgge ctcatcgecce 300
acctgctatyg gtgcagcgaa ccaactcceg aageggceegyg ttecgegatt ccctettetg 360
aattctgaat tctgaactga ttccggagga gaaccctetyg gaagegeggyg ttgectetcee 420
agttctgceg aactagacag gggagtgage atgatgagtyg accctgacge gtgagetgag 480
ctggttgetyg gaatatagtc gctgaacget gggetgtgte acgegtccac ttcegggcaga 540
ccccaaacga caagcagaac aagcaacacce agcagcagca agcgacctaa gcaacactag 600
ccaacatgaa aaagcctgaa ctcaccgega cgtcetgtega gaagtttetg atcgaaaagt 660
tcgacagegt ctccgacctg atgcagetcet cggagggega agaatctegt getttcaget 720
tcgatgtagg agggegtgga tatgtcectge gggtaaatag ctgcgccgat ggtttctaca 780
aagatcgtta tgtttatcgg cactttgecat cggeccgeget cecgattecyg gaagtgettg 840
acattgggga attcagcgag agcctgacct attgcatcte cegecgtgea cagggtgtca 900
cgttgcaaga cctgectgaa accgaactge cegetgttet gecageceggte geggaggcca 960
tggatgcgat cgctgcggec gatcttagce agacgagegg gttcecggccca tteggaccgce 1020
aaggaatcgg tcaatacact acatggcgtg atttcatatg cgcgattgct gatccccatg 1080
tgtatcactg gcaaactgtg atggacgaca ccgtcagtgce gtccecgtcgeg caggctceteg 1140
atgagctgat getttgggcc gaggactgcce ccgaagtecg gcacctcegtg cacgceggatt 1200
tcggctecaa caatgtcecctg acggacaatg gccgcataac agcggtcatt gactggagceg 1260
aggcgatgtt cggggattcc caatacgagg tcgccaacat cttcttctgg aggccgtggt 1320
tggcttgtat ggagcagcag acgcgctact tcgagcggag gcatccggag cttgcaggat 1380
cgecgegget ccgggcgtat atgctcecgca ttggtcttga ccaactctat cagagcettgg 1440
ttgacggcaa tttcgatgat gcagcttggg cgcagggtcg atgcgacgca atcgtccgat 1500
cecggagecgg gactgteggg cgtacacaaa tcegeccgeag aagegceggece gtctggaccg 1560
atggctgtgt agaagtactc gccgatagtg gaaaccgacg ccccagcact cgtccgaggg 1620
caaaggaata gtctag 1636
<210> SEQ ID NO 44
<211> LENGTH: 33
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 44
gtgctageeyg cagegectgg tgcacccgece ggg 33
<210> SEQ ID NO 45
<211> LENGTH: 37
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 45
gttctagact attcctttge ccteggacga gtgctgg 37
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<210> SEQ ID NO 46
<211> LENGTH: 37

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 46

gttctagace tgtttcegge tggcteccga gecatge

<210> SEQ ID NO 47
<211> LENGTH: 40

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 47

gtgctagegg tcegegtttac aaagcagcege agcaacagaa

<210> SEQ ID NO 48
<211> LENGTH: 3537

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: c¢DNA (TaELO2 ORF upstream region/T. aureum ATCC

34304 ubiquitin promotor/Hygr/TaELO2 ORF downstream region)

<400> SEQUENCE: 48

ctececegggty

atcgataata

ggctgtggga

gtgaaaccce

atcegecccee

cactggecgga

cactacgcag

ctctcaacga

tttectttett

tgacagagag

tgttttggte

cgccaggetyg

gcagtgcatce

cgttcaaggyg

tcggcagace

aagcgeggte

gegetgettt

tgtgtgtget

ggccacgcgg

tceggecgge

ggacaactcyg

agggeggttyg

gacctagege

gaattacata

cgttgaacgyg

gatgcgcagg

tttgacaaag

aacgtcceeg

cgcgatatce

ggcgtggttt

tctttettte

agatagagac

getttegtty

ccacgcatge

cagctettec

ccatcgateg

ccgaacgtgt

ggCtggCan

gtaaacgcga

atttactatg

gagggccatg

aggcagcgcea

CgCgnggtC

gectcatege

gtgtgtcace

acaaacaact

agcgggtect

actctgegge

atcgcaacce

gcacaggagt

tccatecegeg

tcgaagecat

ttttgtaage

ggcaattcga

gtcegtgeatyg

cgtgacgete

ctctgetegt

atcgatcgat

ttcteccagy

gtegetegge

cegetagecyg

cctaccgaga

cgttegecee

taactatacc

ceggtegtte

ccacctgeta

tgceggecee

tgctggatga

gtgacggcge

cacagccect

cgtecccatca

gecteeegeyg

tatatatccg

gectttette

gtgcgegaac

ccaagtactt

atggatggec

getegeggeg

cgtgtactca

cgatcgateg

acgtgecget

tggaagttga

cagcgectygyg

dagagagcgyg

acacgccact

gacgctggca

gatgtgccaa

tggtgcagcg

cgttgegtge

gtacaagacc

agaaaggaac

ccgecagtat

actcctcaca

gttetgegea

taaacaacgg

cttectactt

ttgaaggtac

tccacgattt

gggattttta

actcatggtyg

ctggcgatge

atcaatcacyg

gtegeteget

gtagtttget

tgcacccgee

agcggatgca

tataccacgce

ggcttggtag

cccgagagaa

aaccaactcce

aaccgaattyg

agcgtagtgt

tcegeccgag

tccactaaaa

ataggcettte

tacggctgac

aacattctcce

gecttectte

tacttacact

ttceeeeeet

caattggatg

cttgccagty

tcteggeget

tttggtggac

gatccacceg

ttetgttget

gggcgttggt

taggaaatcg

cecgetetete

caactggcag

tccagecage

cgaageggec

37

40

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320
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ggttccgega ttecectectte tgaattctga attctgaact gattccggag gagaaccctce 1380
tggaagcgcg ggttgcctet ccagttectge cgaactagac aggggagtga gcatgatgag 1440
tgaccctgac gecgtgagetg agetggttge tggaatatag tecgctgaacg ctgggcetgtg 1500
tcacgegtee acttegggca gaccccaaac gacaagcaga acaagcaaca ccagcagcag 1560
caagcgacct aagcaacact agccaacatg aaaaagcctyg aactcaccge gacgtcetgte 1620
gagaagtttc tgatcgaaaa gttcgacagc gtctccgacce tgatgcagcet ctceggagggce 1680
gaagaatctc gtgctttcag cttecgatgta ggagggcgtyg gatatgtcct gcgggtaaat 1740
agctgcgecg atggtttcta caaagatcgt tatgtttatc ggcactttge atcggccgeg 1800
ctccecgatte cggaagtgcet tgacattggg gaattcageg agagcctgac ctattgcatce 1860
tceegeegtyg cacagggtgt cacgttgcaa gacctgectg aaaccgaact geccgcetgtt 1920
ctgcagecegg tcegeggagge catggatgeg ategetgegyg cegatcttag ccagacgage 1980
gggttcggee cattcggace gcaaggaatc ggtcaataca ctacatggcg tgatttcata 2040
tgcgcgattg ctgatccecca tgtgtatcac tggcaaactg tgatggacga caccgtcagt 2100
gcgtecgteg cgcaggcectcet cgatgagetg atgctttggg ccgaggactg ccccgaagtce 2160
cggcaccteg tgcacgcgga tttecggctcee aacaatgtcece tgacggacaa tggccgcata 2220
acagcggtca ttgactggag cgaggcgatg ttceggggatt cccaatacga ggtcgccaac 2280
atcttettet ggaggccgtyg gttggettgt atggagcage agacgcgcta cttcgagegg 2340
aggcatccgg agcttgcagg atcgccgcegg cteecgggegt atatgctceeg cattggtcett 2400
gaccaactct atcagagctt ggttgacggce aatttcgatg atgcagecttg ggcgcagggt 2460
cgatgecgacg caatcgtcceg atccggagec gggactgteg ggegtacaca aatcgeccge 2520
agaagcgcgg ccgtcectggac cgatggectgt gtagaagtac tcgccgatag tggaaaccga 2580
cgccccagca ctegtceccgag ggcaaaggaa tagtctagac ctgtttceccgg ctggetececcg 2640
agccatgett accatgaatg aacctgcaaa cagtctgagg tccttgtgca aaccgctcag 2700
tgggacgtcg acgaagaaag aaacaatgtg tactcgtett gectctgctee cgecgecgttt 2760
tttatcgttg ttgagacctc tcgcgcagtt ttgggaatca accaaaacaa gagcccggcyg 2820
tcagcgtttg cttegecceccte ggctgcacte gcteggcacg caggtataac tgggtgagta 2880
ccaagccecccg catttgtetg tecgcecgatce gcecgcacgetg cgggtcagga cgacatcgeg 2940
ctgcacgtca cagtgggtcecc cttttgacgt ggctgcggeg atgaggaggce ttggctecggce 3000
ttcatggcaa ggcaacagac tcgctteccgg gacgcgcacg acgagcagceg ctgcetttgat 3060
cgaccttgece tgcgtcaccg ccteggetge tttgatcgat cgttgtcacce ggccgagtga 3120
cecgegaacge attgeccgca cggctegget cggeccggac cggaccgget cgecttggeg 3180
gegeggegeyg atggcgaccee agacgeggcece ggagcecgege geggaggaca aggecatgtt 3240
catctteggg ctcecgggtacg ttgggagcag gctegccaac cagctggcgg aacaggggtg 3300
gegegtegeyg gggteggtga gggagetegg gegcegaggac gactttgecg agttcgaaaa 3360
gteccaagetyg ageggcaagg tgcaggtgtt ccgacteceyg cttgagggeg aggacaacac 3420
gccegetege gegegggaga tacttagegg gtaccagcac ctgctgttca cggcgccagt 3480
ggaccgcgece cggaactgtg accecttett gggcgaccee gttcecteggece ccgggat 3537

<210> SEQ ID NO 49
<211> LENGTH: 30

<212> TYPE:

DNA

<213> ORGANISM: Artificial



US 9,062,315 B2
107

-continued

108

<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 49

atggcgacge gcacctegaa gagegetceeg

<210> SEQ ID NO 50

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 50

aggatcatca tgaacgtgte getccagteg

<210> SEQ ID NO 51

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 51

cagatctgga tccgcegaaat gaccgaccaa gcga

<210> SEQ ID NO 52

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 52

acgcaattaa tgtgagatct aget

<210> SEQ ID NO 53

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SV40 terminator

<400> SEQUENCE: 53

cagatctgga tccgegaaat gaccgaccaa gcgacgecca acctgecate acgagattte
gattccaccg ccgecttcta tgaaaggttyg ggctteggaa tegttttecyg ggacgecgge
tggatgatce tccagegegg ggatctecatg ctggagttet tegeccacce caacttgttt
attgcagctt ataatggtta caaataaagce aatagcatca caaatttcac aaataaagca

tttttttcac tgcattctag ttgtggtttyg tccaaactca tcaatgtate ttatcatgte

tgtataccgt cgacctctag ctagatctca cattaattge gt

<210> SEQ ID NO 54

<211> LENGTH: 619

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: ubiquitin promoter

<400> SEQUENCE: 54
cccagatetyg ccgcagegece tggtgeacce geegggegtt gttggtgtge tettettgece

tccgagagag agagceggage ggatgcatag gaaatcggge cacgegggag ggccatgegt

30

30

34

24

60

120

180

240

300

342

60

120
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tegeeccaca cgccacttte cacgceceget ctetceteegyg ceggcaggcea gcegcataact 180
ctecgacget ggcaggetgg tagcaactgg cagggacaac tegegegegyg gtceceeggteg 240
ttecgatgtge caacccgaga gaatccagece agcagggegyg ttggectcat cgcccacctg 300
ctatggtgca gcgaaccaac tcccgaageg gecggttetyg cgattcccte ttcetgaatte 360
tgaattctga actgattccg gaggagaacc ctetggaage gegggttgee tctecagtte 420
tgccgaacta gacaggggag tgagcagaga gtgaccctga cgegggageyg agetggttge 480
tggaaaagtc gcgaacgctg ggctgtgtca cgegtccact tegggcagac cccaaacgac 540
aagcagaaca agcaacacca gcagcagcaa gcgacctaag caacactagce caacatgatt 600
gaacaggacg gccttcacg 619
<210> SEQ ID NO 55
<211> LENGTH: 36
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 55
cccagatetyg ccgcagegee tggtgcacce gecggg 36
<210> SEQ ID NO 56
<211> LENGTH: 58
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 56
cgtgaaggcee gtcctgttca atcatgttgg ctagtgttge ttaggtceget tgcetgetg 58
<210> SEQ ID NO 57
<211> LENGTH: 826
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Neomycin resistance gene (Neor)
<400> SEQUENCE: 57
agcgacctaa gcaacactag ccaacatgat tgaacaggac ggcecttcacyg ctggetegece 60
cgetgettgyg gtggaacgge tgttcggeta cgactggget cagcagacga tceggetgete 120
ggacgcggee gtgttecgee ttagegegca gggcecggeceg gtectgtttg tcaagaccga 180
ccttagegge gccctcaacg agctccagga cgaagctgece cgectcaget ggettgecac 240
gacgggggtt cegtgegeeg ctgtgetega cgtegtcace gaagcecggec gegactgget 300
getecteggy gaagtgcceg gccaggacct cctcageage cacctegege cegetgagaa 360
ggtgtccate atggccgacg ccatgegecg cctgcacace ctegacceeg ccacctgece 420
cttecgaccac caggcgaagce acaggatcga acgegceccege acgeggatgg aggctggect 480
cgtcgaccaa gacgacctceg acgaggagca ccagggcecte gegecggegyg aactgttege 540
caggcttaag gctaggatgce cggacggega ggacctegtyg gtcacgcacyg gcgacgectg 600
ccteeccaac atcatggtceg agaacggecg ctteteggge tttatcgact gegggegect 660
gggegtggeyg gaccgctace aagacatcge getcegecacyg cgggacatceg ccgaggaget 720
tggcggegag tgggecgace getttetegt getctacgge atcgecgece cggacagcca 780
gaggattgcg ttctaccgce tcecctggacga gttcttttga gatctg 826
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<210> SEQ ID NO 58

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 58

agcgacctaa gcaacactag ccaacatgat tgaacaggac ggccttcacg ctgg 54

<210> SEQ ID NO 59

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 59

cagatctcaa aagaactcgt ccagga 26

<210> SEQ ID NO 60

<211> LENGTH: 1395

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: fusion DNA (T. aureum ATCC 34304 ubiquitin
promoter/Neor)

<400> SEQUENCE: 60

cccagatetyg ccgcagegece tggtgeacce geegggegtt gttggtgtge tettettgece 60

tccgagagag agagceggage ggatgcatag gaaatcggge cacgegggag ggccatgegt 120

tcgecccaca cgccacttte cacgeccget cteteteegg ceggcaggca gegcataact 180
ctcegacget ggcaggetgg tagcaactgg cagggacaac tegegegegg gteceggteg 240
ttcgatgtge caacccgaga gaatccagece agcagggegg ttggectcat cgeccacctg 300
ctatggtgca gcgaaccaac tcccgaageg geeggttetg cgatteccte ttetgaatte 360
tgaattctga actgattceg gaggagaacc ctetggaage gegggttgee tcetcecagtte 420

tgccgaacta gacaggggag tgagcagaga gtgaccctga cgegggageg agetggttge 480

tggaaaagtc gcgaacgctg ggctgtgtea cgegtccact tegggcagac cccaaacgac 540
aagcagaaca agcaacacca gcagcagcaa gcgacctaag caacactage caacatgatt 600
gaacaggacg gccttcacge tggetegece getgettggg tggaacgget gtteggetac 660
gactgggcte agcagacgat cggetgeteg gacgeggeeg tgtteegect tagegegeag 720
ggceggecgg tectgtttgt caagaccgac cttageggeg cectcaacga getccaggac 780
gaagctgece gectcagetg gettgecacyg acgggggtte cgtgegecge tgtgetegac 840
gtegtcaceyg aagceeggeceg cgactggetyg ctectegggg aagtgeccgyg ccaggaccte 900
ctcagcagece acctegegece cgctgagaag gtgtecateca tggecgacge catgegecge 960

ctgcacacce tcgaccceege cacctgecce ttegaccace aggegaagca caggatcgaa 1020

cgegeccgea cgceggatgga ggctggecte gtegaccaag acgacctega cgaggagcac 1080

cagggecteg cgccggegga actgttegee aggcttaagg ctaggatgee ggacggcegag 1140

gacctegtgg tcacgcacgg cgacgectge ctccccaaca tcatggtcega gaacggecge 1200

ttecteggget ttatcgactg cgggcegectg ggegtggegg accgctacca agacatcgeg 1260

ctcgecacge gggacatcge cgaggagctt ggcggcgagt gggccgaccg ctttetegtg 1320
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ctctacggca tcgeegecce ggacagecag aggattgegt tetacegect cctggacgag

ttettttgag atctg

<210> SEQ ID NO 61
<211> LENGTH: 617
<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: ubiquitin promoter

<400> SEQUENCE: 61

cccagatetyg cegcagegec
ccgagagaga gagcggageg
cgceccacac gecactttee
tcegacgety gcaggetggt
tcgatgtgee aacccgagag
tatggtgcag cgaaccaact
gaattctgaa ctgattccgg
gecgaactag acaggggagt
gaaaagtcge gaacgctggyg
gcagaacaag caacaccagce
gectgaacte accgega

<210> SEQ ID NO 62

<211> LENGTH: 58
<212> TYPE: DNA

tggtgcacce

gatgcatagg

acgccegete

agcaactgge

aatccageca

cccgaagegy

aggagaaccc

gagcagagag

ctgtgtcacyg

agcagcaagc

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 62

geegggegtt gttgtgtget
aaatcgggece acgcgggagyg
tctetecgge cggcaggcag
agggacaact cgcgcegceggyg
gcagggeggt tggectcate
ceggttetge gattcectet
tctggaageyg cgggttgect
tgaccctgac gceggagcegag
cgteccactte gggcagacce

gacctaagca acactagcca

cttettgect

gecatgegtt

cgcataactce

tcceggtegt

geccacctge

tctgaattet

ctccagttet

ctggttgetyg

caaacgacaa

acatgaaaaa

tcgeggtgag ttcaggettt ttecatgttgg ctagtgttge ttaggteget tgetgetg

<210> SEQ ID NO 63
<211> LENGTH: 1058
<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Hygromycin resistance gene

<400> SEQUENCE: 63

agcgacctaa gcaacactag

gaagtttctyg atcgaaaagt

agaatctegt getttecaget

ctgegecgat ggtttetaca

ccegatteeyg gaagtgettg

ccgecgtgea cagggtgtcea

gecagceggte geggaggeca

gtteggecca tteggaccge

cgcgattget gatccccatg

gtcegtegeg caggeteteg

ccaacatgaa

tcgacagegt

tcgatgtagyg

aagatcgtta

acattgggga

cgttgcaaga

tggatgcgat

aaggaatcgg

tgtatcactg

atgagctgat

aaagcctgaa ctcaccgega

ctcegacctyg atgcagetet

agggcgtgga tatgtcctge

tgtttatcgg cactttgcat

attcagcgag agcctgacct

cctgectgaa accgaactge

cgctgeggee gatcttagee

tcaatacact acatggcgtyg

gcaaactgtyg atggacgaca

getttgggee gaggactgece

(Hygr)

cgtetgtega

¢ggagggega

gggtaaatag

cggecgeget

attgcatcte

cegetgttet

agacgagegy

atttcatatg

cegteagtge

ccgaagtecg

1380

1395

60

120

180

240

300

360

420

480

540

600

617

58

60

120

180

240

300

360

420

480

540

600
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gcacctegtyg cacgecggatt tcggctccaa caatgtcctg acggacaatg gccgcataac 660
agcggtcatt gactggagcg aggcgatgtt cggggattcc caatacgagg tcgccaacat 720
cttcttetgg aggcegtggt tggettgtat ggagcagcag acgegctact tcgagceggag 780
gcatccggag cttgcaggat cgccgegget cecgggegtat atgcetccegea ttggtcettga 840
ccaactctat cagagcttgg ttgacggcaa tttcgatgat gcagettggg cgcagggtceg 900
atgcgacgca atcgtccgat ccggagcecgg gactgtceggg cgtacacaaa tcgeccgeag 960

aagcgcggcece gtctggaccg atggetgtgt agaagtactc geccgatagtg gaaaccgacg 1020

ccecagcecact cgtcecgaggg caaaggaata gagatctg 1058

<210> SEQ ID NO 64

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 64

agcgacctaa gcaacactag ccaacatgaa aaagectgaa ctcaccgega cgtetg 56

<210> SEQ ID NO 65

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 65

cagatctcta ttcctttgece ctecggacgag tgctgg 36

<210> SEQ ID NO 66

<211> LENGTH: 1625

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: fusion DNA (Thraustochytrium aureum ATCC 34304
ubiquitin promoter-pcDNA 3.1/Hygr)

<400> SEQUENCE: 66

cccagatetyg ccgcagegece tggtgeacce geegggegtt gttgtgtget cttettgect 60

ccgagagaga gagcggageg gatgcatagg aaategggec acgegggagg gcecatgegtt 120

cgccccacac gecactttee acgecegete tcetceteegge cggcaggeag cgcataacte 180
tcegacgetyg gecaggetggt agcaactgge agggacaact cgegegeggg tceceggtegt 240
tcgatgtgee aacccgagag aatccageca gcagggeggt tggectcate geccacctge 300
tatggtgcag cgaaccaact cccgaagegg ccggttetge gattcectet tcetgaattet 360
gaattctgaa ctgattccgg aggagaaccce tctggaageg cgggttgect ctecagttet 420

gecgaactag acaggggagt gagcagagag tgaccctgac geggagegag ctggttgetg 480

gaaaagtcge gaacgctggg ctgtgtcacyg cgtccactte gggcagaccce caaacgacaa 540
gcagaacaag caacaccagc agcagcaagc gacctaagca acactagcca acatgaaaaa 600
gectgaacte accgegacgt ctgtcgagaa gtttetgate gaaaagtteg acagegtcetce 660
cgacctgatg cagctetegg agggcgaaga atctegtget ttcagetteg atgtaggagg 720
gegtggatat gtectgeggg taaatagetyg cgccgatggt ttetacaaag ategttatgt 780

ttatcggcac tttgcategg cegegetece gattecggaa gtgettgaca ttggggaatt 840
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cagcgagagc ctgacctatt gcatctcceg ccgtgcacag ggtgtcacgt tgcaagacct 900
gcctgaaace gaactgcccg ctgttctgeca gecggtcgeg gaggccatgg atgcgatcege 960

tgcggecgat cttagccaga cgagcgggtt cggcecccattce ggaccgcaag gaatcggtca 1020
atacactaca tggcgtgatt tcatatgcgce gattgctgat ccccatgtgt atcactggca 1080
aactgtgatg gacgacaccg tcagtgcgtce cgtegcgcag gectctcgatg agectgatget 1140
ttgggccgag gactgcceceg aagtccggca cctegtgcac geggattteg getccaacaa 1200
tgtcctgacg gacaatggcc gcataacagce ggtcattgac tggagcgagg cgatgttegg 1260
ggattcccaa tacgaggtcg ccaacatctt cttctggagg cegtggttgg cttgtatgga 1320
gcagcagacyg cgctactteg agcggaggca tccggagett geaggatcge cgeggcetecg 1380
ggcgtatatg cteccgcattg gtettgacca actctatcag agettggttg acggcaattt 1440
cgatgatgca gcttgggege agggtcgatg cgacgcaate gtecgatceyg gagecgggac 1500
tgtcgggegt acacaaatcg cccgcagaag cgcggccegte tggaccgatg getgtgtaga 1560
agtactcgee gatagtggaa accgacgecce cagcactegt ccgagggcaa aggaatagag 1620
atctg 1625
<210> SEQ ID NO 67

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 67

cctteggege tectettatg tatgt 25
<210> SEQ ID NO 68

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 68

caatgcaaga ggcgaactgg gagag 25
<210> SEQ ID NO 69

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 69

tggggctetg gaaccgctge ttacg 25
<210> SEQ ID NO 70

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 70

cttccagetce tcecccagtteg cctet 25

<210> SEQ ID NO 71
<211> LENGTH: 25
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<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 71

cgggttgttyg atgttgageg aggtg

<210> SEQ ID NO 72
<211> LENGTH: 25

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 72

cccacgecat ccacgagcac accac

<210> SEQ ID NO 73
<211> LENGTH: 957

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

elongase coding region)

<400> SEQUENCE: 73

cceggateca

gtggggtege

tacggaagcg

ttgtactttt

gctectetta

ccecteactyg

gtgtgctegt

ttceggtctca

acaaagttcc

gtctetttte

cagcgegget

gtcatcatgt

tacatcaccyg

cttgectteg

atcatgctct

gthanggC

tggcagcteg
gtgtggaccg
cgttegegta
caaagtctce
tgtatgtaat
gcettcattaa
ggatggcgtg
acaagcagcg
tcgactggac
tccaggtgtt
ggggcetctgg
acactcatta
gettecaget
aggaggtgta
acctettegy

ttgacgtcaa

<210> SEQ ID NO 74
<211> LENGTH: 32

<212> TYPE:

DNA

cgtggagaaa

cagtgatggg

cgcttacaac

attctacgca

tgctgtcatg

aagctacatt

gggectttty

tgatgccaac

cgacacctte

ccaccatgec

aaccgetget

ctttgtcace

ctceccagtte

ccecectegag

caggagaatg

cgtegagace

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 74

cagcaggcac

ttetttegea

aatgggccag

ttectegtet

gcactcagee

cagccagttt

ccacaggtygyg

atcgagttct

atcatgattt

accatcggaa

tacggagegt

tcgctcaaca

gectettgea

tacgcttace

aactggagec

tccaagaagg

cceggateca tggcageteg cgtggagaaa ca

<210> SEQ ID NO 75
<211> LENGTH: 33

cDNA (Parietichytrium genomic

ctgcgaagge
ctttcaacct
tggacaacga
cggacgecat
gatacatggce
acaacattgt
acatcttcaa
ttgtcatggt
tcaagaagaa
tggtgtggtce
tcatcaactce
tcaacaaccc
ttgtacatge
ttcagatcag
ctctetggty

ctcagtaagyg

25

25

DNA contains C20

cgccaagaag

ctgtgegetyg

cggcaagggc

gaccttegge

agacaagcag

gcaaatcgtyg

cctcaaccca

ccacctecty

ctatgcacag

cttectecte

ggtcacccat

gttcaagagg

tctectegte

ctaccacatce

cactggcgag

atccggyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

957

32
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<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 75
cceggatect tactgagect tettggaggt cte 33

<210> SEQ ID NO 76

<211> LENGTH: 936

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: genomic DNA (Parietichytrium C20 elongase gene)

<400> SEQUENCE: 76

atggcagcte gcgtggagaa acagcaggca cctgcgaagg ccgecaagaa ggtggggteg 60
cgtgtggace gcagtgatgg gttctttege actttcaace tcetgtgeget gtacggaage 120
gegttegegt acgcttacaa caatgggcca gtggacaacyg acggcaaggg cttgtacttt 180
tcaaagtcte cattctacgce attcctegte teggacgeca tgaccttegyg cgctectett 240
atgtatgtaa ttgctgtcat ggcactcage cgatacatgg cagacaagca gcccctcact 300
ggcttcatta aaagctacat tcagccagtt tacaacattg tgcaaatcgt ggtgtgcteg 360
tggatggcegt ggggectttt geccacaggtg gacatcttceca acctcaacce attceggtcete 420
aacaagcagc gtgatgccaa catcgagtte tttgtcatgg tccacctect gacaaagtte 480
ctecgactgga ccgacacctt catcatgatt ttcaagaaga actatgcaca ggtctetttt 540
cteccaggtgt tccaccatge caccatcgga atggtgtggt ccettectect ccagegegge 600
tggggctetyg gaaccgetge ttacggageg ttcatcaact cggtcaccca tgtcatcatg 660
tacactcatt actttgtcac ctcgctcaac atcaacaacc cgttcaagag gtacatcacce 720
ggcttccage tcteccagtt cgectettge attgtacatg ctetectegt cettgectte 780
gaggaggtgt accccctcga gtacgcettac cttcagatca gctaccacat catcatgetce 840
tacctetteg gcaggagaat gaactggage cctetetggt gecactggega ggtcgacggg 900
cttgacgtca acgtcgagac ctccaagaag gctcag 936

<210> SEQ ID NO 77

<211> LENGTH: 312

<212> TYPE: PRT

<213> ORGANISM: Parietichytrium

<400> SEQUENCE: 77

Met Ala Ala Arg Val Glu Lys Gln Gln Ala Pro Ala Lys Ala Ala Lys
1 5 10 15

Lys Val Gly Ser Arg Val Asp Arg Ser Asp Gly Phe Phe Arg Thr Phe
20 25 30

Asn Leu Cys Ala Leu Tyr Gly Ser Ala Phe Ala Tyr Ala Tyr Asn Asn
35 40 45

Gly Pro Val Asp Asn Asp Gly Lys Gly Leu Tyr Phe Ser Lys Ser Pro
50 55 60

Phe Tyr Ala Phe Leu Val Ser Asp Ala Met Thr Phe Gly Ala Pro Leu
65 70 75 80

Met Tyr Val Ile Ala Val Met Ala Leu Ser Arg Tyr Met Ala Asp Lys
85 90 95

Gln Pro Leu Thr Gly Phe Ile Lys Ser Tyr Ile Gln Pro Val Tyr Asn
100 105 110
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Ile Val Gln Ile Val Val Cys Ser Trp Met Ala
115 120

Gln Val Asp Ile Phe Asn Leu Asn Pro Phe Gly
130 135

Asp Ala Asn Ile Glu Phe Phe Val Met Val His
145 150 155

Leu Asp Trp Thr Asp Thr Phe Ile Met Ile Phe
165 170

Gln Val Ser Phe Leu Gln Val Phe His His Ala
180 185

Trp Ser Phe Leu Leu Gln Arg Gly Trp Gly Ser
195 200

Gly Ala Phe Ile Asn Ser Val Thr His Val Ile
210 215

Phe Val Thr Ser Leu Asn Ile Asn Asn Pro Phe
225 230 235

Gly Phe Gln Leu Ser Gln Phe Ala Ser Cys Ile
245 250

Val Leu Ala Phe Glu Glu Val Tyr Pro Leu Glu
260 265

Ile Ser Tyr His Ile Ile Met Leu Tyr Leu Phe
275 280

Trp Ser Pro Leu Trp Cys Thr Gly Glu Val Asp
290 295

Val Glu Thr Ser Lys Lys Ala Gln
305 310

<210> SEQ ID NO 78

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 78

acaaagatct cgactggacc gacacc

<210> SEQ ID NO 79

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 79

agtcgagatce tttgtcagga ggtggac

<210> SEQ ID NO 80

<211> LENGTH: 935

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: BglII inserted C20
<400> SEQUENCE: 80

atggcagete gegtggagaa acagcaggca cctgcgaagg

cgtgtggace gcagtgatgg gttetttege actttcaacce

gegttegegt acgcttacaa caatgggcca gtggacaacyg

Trp Gly Leu Leu Pro
125

Leu Asn Lys Gln Arg
140

Leu Leu Thr Lys Phe
160

Lys Lys Asn Tyr Ala
175

Thr Ile Gly Met Val
190

Gly Thr Ala Ala Tyr
205

Met Tyr Thr His Tyr
220

Lys Arg Tyr Ile Thr
240

Val His Ala Leu Leu
255

Tyr Ala Tyr Leu Gln
270

Gly Arg Arg Met Asn
285

Gly Leu Asp Val Asn

300
26
27
elongase
ccgccaagaa ggtggggteg 60
tctgtgeget gtacggaagce 120
acggcaaggg cttgtacttt 180
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tcaaagtcte cattctacgce attcctegte teggacgeca tgaccttegyg cgctectett 240
atgtatgtaa ttgctgtcat ggcactcage cgatacatgg cagacaagca gcccctcact 300
ggcttcatta aaagctacat tcagccagtt tacaacattg tgcaaatcgt ggtgtgcteg 360
tggatggcegt ggggectttt geccacaggtg gacatcttceca acctcaacce attceggtcete 420
aacaagcagc gtgatgccaa catcgagttce tttgtcatgg tccacctect gacaaagatce 480
tcgactggac cgacaccttc atcatgattt tcaagaagaa ctatgcacag gtctetttte 540
tccaggtgtt ccaccatgcce accatcggaa tggtgtggte cttectecte cagegegget 600
ggggctetygyg aaccgetget tacggagegt tcatcaactce ggtcacccat gtcatcatgt 660
acactcatta ctttgtcacc tcgctcaaca tcaacaacce gttcaagagyg tacatcaccg 720
gettecaget cteccagtte gectettgca ttgtacatge tetectegte cttgectteg 780
aggaggtgta cccectegag tacgcttacce ttcagatcag ctaccacatc atcatgetcet 840
acctecttegg caggagaatg aactggagece ctetetggtyg cactggcgag gtcgacggge 900
ttgacgtcaa cgtcgagacc tccaagaagg ctcag 935
<210> SEQ ID NO 81
<211> LENGTH: 2661
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: fusion DNA (Parietichytrium C20 elongase 5'

region/SV40 terminator/Neor/ubiquitin promoter/Parietichytrium C20

elongase 3' region)
<400> SEQUENCE: 81
cceggateca tggcagetceg cgtggagaaa cagcaggcac ctgcgaaggce cgccaagaag 60
gtggggtege gtgtggaccyg cagtgatggg ttetttegea ctttcaacct ctgtgcegetg 120
tacggaagceg cgttegegta cgcttacaac aatgggccag tggacaacga cggcaagggce 180
ttgtactttt caaagtctcc attctacgca ttectegtet cggacgccat gaccttegge 240
gctectetta tgtatgtaat tgctgtcatg gcactcagec gatacatggce agacaagcag 300
ccectecactyg gettcattaa aagctacatt cagccagttt acaacattgt gcaaatcgtg 360
gtgtgctegt ggatggegtyg gggecttttg ccacaggtgg acatcttcaa cctcaaccca 420
tteggteteca acaagcagcg tgatgccaac atcgagttet ttgtcatggt ccacctectg 480
acaaagatct agctagaggt cgacggtata cagacatgat aagatacatt gatgagtttg 540
gacaaaccac aactagaatg cagtgaaaaa aatgctttat ttgtgaaatt tgtgatgcta 600
ttgctttatt tgtaaccatt ataagctgca ataaacaagt tggggtgggce gaagaactce 660
agcatgagat ccccgegetg gaggatcatce cagecggegt ccecggaaaac gattceccgaag 720
cccaaccttt catagaaggce ggcggtggaa tcgaaatcte gtgatggcag gttgggegte 780
gettggtegy tcatttcegeg gatctcaaaa gaactegtece aggaggeggt agaacgcaat 840
cctetggety teceggggegyg cgatgecgta gagcacgaga aageggtegyg cccactegece 900
gccaagcetee teggegatgt cccgegtgge gagegegatg tcettggtage ggtcecgecac 960
geecaggege ccgcagtcga taaagceccga gaagceggecg ttetcgacca tgatgttggg 1020
gaggcaggcg tcgeccecgtgceg tgaccacgag gtcecctegceeg tecggcatcece tagecttaag 1080
cctggcgaac agttccgecg gegcgaggcece ctggtgcetece tegtcecgaggt cgtettggte 1140
gacgaggcca gcctcecatce gecgtgeggge gegttegate ctgtgcetteg cctggtggte 1200
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gaaggggcag gtggcggggt cgagggtgtg caggcggcgce atggcgtcgg ccatgatgga 1260

caccttetca gecgggcgega ggtggctgcet gaggaggtcecce tggccgggca cttecccgag 1320

gagcagccag tcgeggecgg ctteggtgac gacgtcegage acageggege acggaacced 1380

cgtecgtggca agccagctga ggcgggcage ttegtceccectgg agcectegttga gggcgcecgcet 1440

aaggtcggte ttgacaaaca ggaccggecg geectgegeg ctaaggegga acacggecgce 1500

gtccgageag ccgatcgtet getgagecca gtegtageeg aacagecgtt ccacccaage 1560

agcgggcgag ccagcgtgaa ggccgtectg ttcaatcatg ttggctagtg ttgcttaggt 1620

cgcttgetge tgctggtgtt gettgttcectg cttgtegttt ggggtectgece cgaagtggac 1680

gcgtgacaca gcccagegtt cgcgactttt ccagcaacca gctecgctceccg cgtcagggte 1740

actctctget cactcecccectg tetagttcecgg cagaactgga gaggcaaccce gegcttecag 1800

agggttcectcce tccggaatca gttcagaatt cagaattcag aagagggaat cgcagaaccg 1860

gcecgettegyg gagttggtte gctgcaccat agcaggtggg cgatgaggcec aaccgcectg 1920

ctggctggat tctctcgggt tggcacatcg aacgaccggg acccgcgcgce gagttgtece 1980

tgccagttge taccagcctg ccagcegtcgg agagttatge gectgecctgece ggccggagag 2040

agagcgggeg tggaaagtgg cgtgtgggge gaacgcatgg cectcecgeg tggeccgatt 2100

tcetatgecat cecgctcecceget ctetceteteg gaggcaagaa gagcacacca acaacgcccg 2160

gcgggtgcac caggcgctgce ggcagatcca gatctcgact ggaccgacac cttcatcatg 2220

attttcaaga agaactatgc acaggtctct tttcectccagg tgttccacca tgccaccatce 2280

ggaatggtgt ggtccttcect cctecagege ggctgggget ctggaaccgce tgcttacgga 2340

gcgttcatca actcggtcac ccatgtcatc atgtacactc attactttgt cacctcgetce 2400

aacatcaaca acccgttcaa gaggtacatc accggcttecce agctctccca gttegectcet 2460

tgcattgtac atgctcteccect cgtceccttgce ttecgaggagg tgtaccccect cgagtacgcet 2520

taccttcaga tcagctacca catcatcatg ctctacctet tcggcaggag aatgaactgg 2580

agccctetet ggtgcactgg cgaggtcgac gggcttgacg tcaacgtcga gacctccaag 2640

aaggctcagt aaggatccgg g 2661

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 82

LENGTH: 2892

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: fusion DNA (Parietichytrium C20 elongase 5'
region/SV40 terminator/Hygr/ubiquitin promoter/Parietichytrium C20
elongase 3' region)

<400> SEQUENCE: 82

cceggateca tggcageteg cgtggagaaa cagcaggcac ctgegaagge cgccaagaag 60
gtggggtcege gtgtggaceg cagtgatggyg ttetttegea ctttcaacct ctgtgegetg 120
tacggaagcg cgttegegta cgcttacaac aatgggecag tggacaacga cggcaagggce 180
ttgtactttt caaagtctce attctacgeca ttectegtet cggacgecat gaccttegge 240
getectetta tgtatgtaat tgctgtcatg gcactcagee gatacatgge agacaagcag 300
ccectcactyg gettcattaa aagctacatt cagecagttt acaacattgt gcaaatcegtg 360
gtgtgctegt ggatggegtg gggecttttyg ccacaggtgg acatcttcaa cctcaaccca 420
ttcggtctca acaagcageg tgatgcecaac atcgagttet ttgtcatggt ccacctectg 480

acaaagatct agctagaggt cgacggtata cagacatgat aagatacatt gatgagtttg 540
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gacaaaccac aactagaatg cagtgaaaaa aatgctttat ttgtgaaatt tgtgatgcta 600
ttgctttatt tgtaaccatt ataagctgca ataaacaagt tggggtgggce gaagaactce 660
agcatgagat ccccgegetg gaggatcatce cagecggegt ccecggaaaac gattceccgaag 720
cccaaccttt catagaaggce ggcggtggaa tcgaaatcte gtgatggcag gttgggegte 780
gettggtegy tcatttegeg gatctcetatt cetttgecct cggacgagtyg ctggggegte 840
ggtttccact atcggcgagt acttctacac agccateggt ccagacggec gegettetge 900
gggegatttyg tgtacgcceg acagtccegg cteceggateyg gacgattgeg tegcatcgac 960
cctgcgecca agctgcatca tcgaaattge cgtcaaccaa gectctgatag agttggtcaa 1020
gaccaatgcyg gagcatatac gcccggagcece geggcgatce tgcaagcetcce ggatgectece 1080
gctecgaagta gegegtetge tgctccatac aagccaacca cggcectceccag aagaagatgt 1140
tggcgacctce gtattgggaa tccccgaaca tcgecteget ccagtcaatg accgetgtta 1200
tgcggcecatt gtccecgtcagg acattgttgg agccgaaatc cgcgtgcacg aggtgccgga 1260
ctteggggea gtcecteggee caaagcatca getcatcgag agectgcegeyg acggacgcac 1320
tgacggtgtc gtccatcaca gtttgccagt gatacacatg gggatcagca atcgcgcata 1380
tgaaatcacg ccatgtagtg tattgaccga tteccttgegg tccgaatggg ccgaacccgce 1440
tcgtctgget aagatcggec gcagcgatcg catccatgge ctceccecgecgacce ggctgcagaa 1500
cagcgggcag ttcggtttca ggcaggtctt gcaacgtgac accctgtgca cggcgggaga 1560
tgcaataggt caggctctcecg ctgaattcce caatgtcaag cacttccgga atcgggagceg 1620
cggccgatge aaagtgccga taaacataac gatctttgta gaaaccatcg gcegcagctat 1680
ttacccgcag gacatatcca cgccctecta catcgaaget gaaagcacga gattcttege 1740
cctccgagag ctgcatcagg tceggagacgce tgtcgaactt ttcgatcaga aacttcectcega 1800
cagacgtcge ggtgagttca ggctttttca tgttggctag tgttgcttag gtegettget 1860
gctgetggtyg ttgettgtte tgettgtegt ttggggtctyg ceccgaagtgg acgcgtgaca 1920
cagcccageg ttcecgcgactt tteccagcaac cagcectcecgete cgcecgtcaggg tcactcectcetg 1980
ctcactccce tgtctagtte ggcagaactg gagaggcaac ccgcgcttece agagggttcet 2040
cctcecggaat cagttcagaa ttcagaattc agaagaggga atcgcagaac cggccgctte 2100
gggagttggt tcgctgcacce atagcaggtg ggcgatgagg ccaaccgcecce tgctggetgg 2160
attctctegg gttggcacat cgaacgaccg ggacccgcege gcgagttgte cctgcecagtt 2220
gctaccagee tgccagcegte ggagagttat gegetgectyg ceggcecggag agagagceggyg 2280
cgtggaaagt ggcgtgtggg gcgaacgcat ggccctececg cgtggcccga tttectatge 2340
atccgeteeg ctetetetet cggaggcaag aagagcacac aacaacgcecce ggcgggtgca 2400
ccaggcgctg cggcagatcc agatctcgac tggaccgaca ccttcatcat gattttcaag 2460
aagaactatg cacaggtctc ttttcteccag gtgttccacce atgccaccat cggaatggtg 2520
tggtccttee tecteccageg cggctgggge tcectggaaccg ctgcttacgg agegttcatce 2580
aactcggtca cccatgtcat catgtacact cattactttg tcacctcget caacatcaac 2640
aacccgttca agaggtacat caccggcttce cagectctece agttcgecte ttgcattgta 2700
catgctcectee tegtecttge cttecgaggag gtgtacccce tcgagtacge ttaccttcag 2760
atcagctacc acatcatcat gctctaccte tteggcagga gaatgaactg gagccctcte 2820
tggtgcactg gcgaggtcga cgggcttgac gtcaacgtcg agacctccaa gaaggctcag 2880
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taaggatccyg gg

<210> SEQ ID NO 83

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 83

ggttgacgge aatttcgatg

<210> SEQ ID NO 84

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 84

cctectacat cgaagetgaa ag

<210> SEQ ID NO 85

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 85

ctteteggge tttatcgact g

<210> SEQ ID NO 86

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 86

taaggtcggt cttgacaaac ag

<210> SEQ ID NO 87

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 87

agtagtccce gatttggtag ttga

<210> SEQ ID NO 88

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 88
ggcagagagc aaaaacacga gc
<210> SEQ ID NO 89

<211> LENGTH: 23

<212> TYPE: DNA
<213> ORGANISM: Artificial

2892

20

22

21

22

24

22
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<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 89

cgatgaaagg tcacagaaga gtc

<210> SEQ ID NO 90
<211> LENGTH: 3181

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: genomic

upstream)

<400> SEQUENCE: 90

aagcttttge

tctgeactee

acgaaagaga

geegegagag

tactgcggge

ccecgaateeg

gagcgecget

ggggatcacg

gacgagggtg

gcaggettty

ctcgacgtac

ggcctecteyg

ggccccaaga

gagcaccatce

catcgagaca

gaagaagggc

gaggtggtce

gtagtgcage

cctegggtec

cgcgaagcaa

gecttgcagyg

CthgCtggg

c¢geggcgagy

cctetegttyg

tegtgetgac

cgtgteccag

agcgatcege

cecegeectygy

gctccaacge

tcgaggttet

ttgcggcage

tctgeggete

tccggagagt

gggttgggtt

gacctggaaa

ggagctcteg

aatgcggaga

gtgacgacga

cegegeteaca

tgtccgaagt

acggcttgga

tggacgtcte

cttggetggt

agcgtecegt

accgagecge

cegtteteac

tctgggaage

tgagcgagtce

dggcecgagge

ccgggcagceyg

tgcttgecaa

ttgtccateg

tcgaacttge

ccgaggagea

cagaacgtat

ccgaggegat

aacgcttect

gtgtcagggc

ttcatctctt

gcagctcgat

gggcaagccg

tgcagegett

tgcttgtteg

aagtacgtaa

ggagatgctg

gettteggtt

agggaatatg

gtcetgegeyg

ggggatcaat

ttgcaaggag

tgcctttegt

getegacggt

dgggceggeac

geggettgag

agatgtggtce

cctegeegygy

cgactggcat

acgtcgetee

gcagaacgta

cgagctgtec

ggtgaagcgc

tcegectete

ggaaggacag

cgecegteget

ggtegtgete

cggegtactt

cgtctgagat

tgcecgeggea

atgggtcege

tctgagectt

ggcegattge

aggttegeceg

dcggagegag

DNA (T. aureum ATCC 34304 Orfa

aagccaacgc

gtacgtgegt

cggcatgeeg

tggtcegetyg

ctcctcaaag

ttteggeceyg

ctgggtgeca

aaccttgcac

ggaccegate

gtegeectge

gecgacgage

aggaagcccg

tcegtegege

cgtcageect

cgcegtggaac

gcacagcatce

aagggccgag

ggcgacgaag

tctggttege

agcatggget

gcagcegety

gegectgtee

gttgtcgact

tgaccteteg

acaggcagag

ccctgeatac

gegegecace

gtggcctett

ttgctaagge

cagggttegt

cggcgcagga

gectegegaa

ggtgcgegeg

ggcgactcega

c¢cgaggegayg

angCgthg

cegegegtat

gagtcaacgce

attccegeaa

cgggggcttyg

ggegtgcegyg

tcgtaggtgg

cagcctgegt

teggegtecy

tgcgtgtece

gtgctaaacc

aagtcagect

dcgcaggcegg

gaggctgggt

gtcgaccagg

tggtaaaggt

acaatgcege

tgcgegtett

ttgggatcga

ggcgcatagt

ttgattttge

tcgaccgeca

gagacgcect

getttegatt

ggcgtgcaga

ggaggcactg

cgacgtttte

gtatctgcaa

gattgeggtg

gcagcatgte

gctggcagag

cgtttgtgee

ceggecacgg

ccagggtcgg

agcecggecge

cgcectcaaa

tggcgtggca

ctttcaagca

tgctcaaget

cgaggegett

gatgaaacgg

cagtcaggat

cgcccgagag

cgtegagega

cgcggtgggt

gegtttggte

tgagcagcetce

agcgcttgag

gaagcgcage

tgcatccgta

getetteteg

cgttcatgag

tgcccacgac

cgtcatttet

tcgateggea

caaccgctge

ggatgttgtt

cgegttegeyg

23

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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cgaagetgec

ccaccgecacce

attgcgtgtyg

ccgacegtgt

cctgagatcee

cggegagtca

cacgaacggc

tgacgacgge

gaaggaagga

aagccgeget

acgtaagetg

gegegeagece

geggegagtyg

caggaatcct

ccgeagtgeg

gcgaaaacgg

cgctgecage

gcactcgaag

ctectegagge

gagctgagca

tggattctgg

ggcgacacca

a

tcteggetat

tcgagatcaa

ccatgtgeat

gagttctege

ttcgegetga

cgtegeccac

gggccaagat

cgecectegty

aggaagggcc

cgcaggtgta

cactgegget

cacttgegte

geggeectea

cagggcgcag

gtegegecac

acacggtgtyg

agcaggagcc

cgegecaegge

gettgetegt

cggaccgect

cccatgatca

gcaagccgga

<210> SEQ ID NO 91
<211> LENGTH: 3377

<212> TYPE:

DNA

tgtgaccege

ttcgcagagyg

gtgtggcaaa

tgttgactga

gagatgcatg

tcegecacge

cgcacgecte

cgcggegteg

aggccctggt

cttecgagte

gttcaaccag

geggetgagg

ctggcaccag

cagcgcacta

cecegeegaege

ggagcggaca

gtcegaagga

agcgceccat

getegecacy

gcaagtgcaa

gtttgattgg

ctgcgagagg

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: genomic
genomic DNA fragment)

<400> SEQUENCE: 91

gaattcgatt

gaagccaacyg

agtacgtgeg

geggcatgee

ttggteeget

gctectcaaa

gttteggece

tctgggtgec

gaaccttgca

tggacccgat

tgtcgecctyg

aatacgactc

cgectegega

tggthgCgC

gggcgactcg

gccgaggega

gangCgth

geegegegta

agagtcaacg

cattcecegea

CnggggCtt

ngCgthCg

actataggga

agtatctgca

ggattgcggt

agcagcatgt

ggctggcaga

gegtttgtge

tceggecacy

cccagggteg

aagccggecyg

gegecctcaa

gtggegtgge

cgcecgacget

ctggcagage

caaatccage

tctettgatt

nggCgCth

cccacacatg

cgteggacga

ggCgthth

gcgaaacgcet

ctcgegatga

agagagagtt

gecectggag

gtcgcaggag

cgtagtgcag

agctegeteg

tgggatcgag

c¢gageggeey

tgcgtgegeg

cecttgteege

gtgttettgt

gccgagggayg

dgcggggcayg

ggcagagacg tcgcegtegg

cggtagcatt geggegtgge

caacctcega gtcegggcaga

gagcccaata atgatcacgg

ttcetgggtt ggcgacccaa

geegeegate cctecegeca

tgactgactg actgattgge

caaaccaggc aggcaggcag

ggcetgetee getgcaagece

ttaggcaagce ctgagcgage

ggctctettyg cgtcaaggeg

dggaggaagg aggccggega

gecaggcage ccgcecacgga

agacgcagag cgggccggat

cggacggggt CCgtggCCgC

aacgcegtte geectgeteg

geegecetgte cceccectecge

gatggegtet tggetggtece

ctcetegety agcaagcgat

getgcaggge gccgaagaat

ggagggaggc tgggcgagtg

gatgtgagceg caggaaagtg

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3181

DNA (T. aureum ATCC 34304 OrfA upstream

gaagctttty

atctgcacte

gacgaaagag

cgcegegaga

gtactgcggg

cccecgaatee

ggagcgccgce

gggggatcac

cgacgagggt

agcaggcettt

actcgacgta

ctctgegget ctgettgtte

ctceggagag taagtacgta

agggttgggt tggagatgct

ggacctggaa agcttteggt

cggagetete gagggaatat

gaatgeggag agtcctgege

tgtgacgacyg aggggatcaa

geegegetee attgcaagga

gtgtcegaag ttgccttteg

gacggettgg agetcgacgg

ctggacgtet cggggeggca

60

120

180

240

300

360

420

480

540

600

660
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cgccgacgag

gaggaagcce

ctecegtegeg

gegtcagece

tcgegtggaa

cgcacagcat

aaagggccga

cggcgacgaa

ctectggtteg

cagcatggge

ggcagccget

tgcgeetgte

cgttgtegac

ttgacctecte

tacaggcaga

accctgeata

cgegegecac

tgtggectet

cttgctaagyg

gcagggttcg

dcggcegeagy

cegecgacge

gctggcagag

acaaatccag

atctcttgat

gnggCgCtC

ccccacacat

cegteggacy

gggcgtcgtc

tgcgaaacge

cctegegatyg

gagagagagt

ggccectgga

ggtcgcagga

acgtagtgca

cagctegete

atgggatcga

acgageggec

ttgegtgege

ctcgtaggtyg

gcagcctgeyg

cteggegtec

ttgcegtgtee

cgtgctaaac

caagtcagcec

dgcgcaggceyg

ggaggctggg

cgtecgaccag

ttggtaaagg

gacaatgcceg

ctgegegtet

tttgggatcg

gggcgcatag

gttgattttyg

ctcgacegec

cgagacgecc

tgctttegat

cggcgtgcag

tggaggcact

acgacgtttt

tggcagagac

ccggtageat

ccaaccteeg

tgagcccaat

gttectgggt

ggcegecgat

atgactgact

gcaaaccagg

tggecctgete

attaggcaag
tggectetett

dgggaggaag

ggccaggcag

gagacgcaga

gcggacgggy

gaacgcegtt

ggcegectgt

ggatggcgtc

getttcaage

ttgctcaage

gegaggeget

cgatgaaacg

ccagtcagga

tcgeccgaga

gegtegageg

tegeggtggg

ggcgtttggt

ttgagcagct

cagcgettga

tgaagcgcag

atgcatcegt

tgctettete

ccgtteatga

atgcccacga

tegteattte

ttcgategge

acaaccgetyg

gggatgttgt

cegegttege

gtegeegteg

tgcggegtgg

agtcgggcag

aatgatcacg

tggcgaccca

ceccteecegec

gactgattgg

caggcaggca

cgctgcaage

cctgagegag

gegtcaagge

gaggceeggceyg

ccegecacygyg

gcgggecegga

tcegtggecy

cgecectgete

cceceectecy

ttggctggte

aggcctecte

tggccccaag

tgagcaccat

gcatcgagac

tgaagaaggg

ggaggtggte

agtagtgcag

tcctegggte

ccgegaagea

cgecttgeag

getgegetgg

c¢cgeggegag

acctctegtt

gtegtgetga

gegtgtecca

cagcgateeg

tccegeecty

agctccaacyg

ctcgaggtte

tttgcggcag

gcgaagetge

gccaccegeac

cattgegtgt

accgaccgtyg

gectgagate

acggcgagte

acacgaacgg

ctgacgacgg

dgaaggaagyg

caagcegege

cacgtaagcet

ggcgcgcagce

agcggcgage

acaggaatcc

tcegcagtge

cgcgaaaacyg

gegetgecag

cgcactcgaa

cctetegagy

gettggetgg tgeggettga

aagcgtcccg tagatgtggt

caccgagecg ccctegecgyg

accgttctca ccgactggea

ctctgggaag cacgtegete

ctgagcgagt cgcagaacgt

cgggceegagyg ccgagetgte

cccgggcagce gggtgaagcg

atgcttgeca atcecgectet

gttgtccate gggaaggaca

gtcgaacttyg ccgcegtege

gecgaggage aggtegtget

gcagaacgta tcggegtact

cccgaggega tegtetgaga

gaacgcttee ttgcegegge

cgtgtcaggyg catgggtecg

gttcatctet ttetgagect

cgcagcetega tggccgattyg

tgggcaagce gaggttegee

ctgcageget tgceggagega

ctcteggeta ttgtgaccceg

ctcgagatca attcgcagag

gecatgtgea tgtgtggcaa

tgagttcteyg ctgttgactg

cttegegetyg agagatgeat

acgtcgececa cteegecacy

cgggccaaga tcgcacgect

cegecctegt gegeggegte

aaggaagggc caggccctgg

tcgcaggtgt acttccgagt

gcactgegge tgttcaacca

ccacttgegt cgeggetgag

ggcggeccte actggcacca

tcagggcgca gcagcgcact

ggtegegeca ccecgecgeg

gacacggtgt gggagcggac

cagcaggagce cgtccgaagg

gegegecegg cagegeccca

cgettgeteyg tgctegecac

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000
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geccttgteeg cctecteget gagcaagcga tgagctgage acggaccgcece tgcaagtgca 3060
agtgttcettg tgctgcaggg cgccgaagaa ttggattcetg gecccatgatce agtttgattg 3120
ggccgaggga gggagggagg ctgggcgagt gggcgacacce agcaagcecgg actgcgagag 3180
gggcggggca ggatgtgage gcaggaaagt gacgcaagtg catccggeca tcattgggece 3240
atcattgggce catcattggt gttttgggce gcgcectttgeg gatcgtccgg ccgatcaggt 3300
acgaggccac gaacctacgt cgtttgccge gctcaggetg gttggttgca cttggactcet 3360
tctgtgacct ttcatcg 3377
<210> SEQ ID NO 92
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 92
cagggcgagce gagtgtggtt ¢ 21
<210> SEQ ID NO 93
<211> LENGTH: 1160
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: genomic DNA (T. aureum ATCC 34304 OrfA

downstream)
<400> SEQUENCE: 93
tggctectega ccaaagccga gtagagtact ctactcagta ctettttcac ataccggcag 60
gecagtgttge tgtgggattg gtceggggge tcettetgcac geggecteeg tegegcegeag 120
aaatgccceg tcactggetg cccaggagge agecgaatcee ctctagcetag ctagetagge 180
tagagcgtcet ttteegtagt ttttcacaaa gecagtatca catggataac gaacgaaggt 240
ttegggeteg cgctegecagg cgttaggacg aagttgateg cceccacgtca cttcaaacga 300
gtgaaccaag atcacgttgce atctgctcge aagatcttet tettccacge cgecatcgatg 360
cgatggattt caaactcttt tcagggettt taggtgagta tggcagceget gtttgegtgg 420
cagcgetgtt tgcgtggttg tactctctaa aggtgcttece acgcatgege gcacaaaggg 480
gcatggcatyg gttggcggeg cactctggece ctcatttgaa gcagactatc gaagggtceca 540
gttggtactyg cggcaggtce ggcgagagca agcgceggegg tegctceccac tegtecctge 600
acagttgctyg gactggcgac ggctggegea cctgactacyg agaagactcyg agacgcacag 660
aggtagtcag ggacgaccga ccgcaaagca caaaccgcte caaaacggece gcaccaggca 720
gggcagtaaa ctaaaaacga atgtacctcc atcgegegta tctgccgage ctectcccac 780
getteggetyg ggettgatte accagtgtcee gcaagectgaa ccgaccgtet tcegatgtceat 840
gaagcttgge geggcattag tcagacgacg cggcacgceca ggattctgte ggtttetggg 900
aaatgggcat ctatatagct gattccctet gtcatgagge ggecttgtte tggecctggg 960
ccgeccgtteg gatgatctat gatgtcegttg tacgcataaa gecttgtcgaa aacgtcggcece 1020
atgtcttect cagagatgta accgagcggce gcgtegtgge gattgatgcce gatgctacaa 1080
aagccgecga gttagctcecga atgtcagatg cattgcggge tggcccgcat ggcgcegggcyg 1140
cagcagcgag aggttctaga 1160

<210>

SEQ ID NO 94



US 9,062,315 B2
141

-continued

142

<211> LENGTH: 1204

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: genomic DNA (T. aureum ATCC 34304 OrfA
downstream genomic DNA fragment)

<400> SEQUENCE: 94

cagggcgage gagtgtggtt ctgaacaagg ctetttegtt ttgatggete tcgaccaaag

ccgagtagag tactctacte agtactettt tcacataceg gecaggecagtg ttgetgtggg

attggtcegyg gggctettet geacgeggee tcegtegege gecagaaatge ccegtcactg

getgeccagg aggcagcecga atcectctag ctagetaget aggctagage gtetttteeg

tagtttttca caaagccagt atcacatgga taacgaacga aggttteggg ctegegeteg

caggcgttag gacgaagttg atcgccccac gtcacttcaa acgagtgaac caagatcacg

ttgcatctge tcgcaagate ttettettee acgecgeate gatgegatgg atttcaaact

cttttcaggg cttttaggtg agtatggecag cgetgtttge gtggcagege tgtttgegtg

gttgtactct ctaaaggtgc ttccacgcat gegegcacaa aggggcatgyg catggttgge

ggcgcactcet ggecctcatt tgaagcagac tatcgaaggg tccagttggt actgeggeag

gtceggegag agcaagegeg geggtegete ccactegtee ctgcacagtt getggactgg

cgacggetgyg cgcacctgac tacgagaaga ctegagacge acagaggtag tcagggacga

ccgaccgcaa agcacaaacce gctccaaaac ggecgcacca ggcagggceag taaactaaaa

acgaatgtac ctccatcgeg cgtatctgee gagectecte ccacgetteg getgggettg

attcaccagt gtccgcaage tgaaccgace gtettegatg tcatgaaget tggegeggca

ttagtcagac gacgcggcac gecaggatte tgteggttte tgggaaatgg gcatctatat

agctgattce ctetgteatg aggeggectt gttetggece tgggeegecyg tteggatgat

ctatgatgte gttgtacgca taaagcttgt cgaaaacgtce ggccatgtcet tcectcagaga

tgtaaccgag cggcgegteg tggegattga tgecgatget acaaaagecg ccgagttage

tcgaatgtca gatgcattge gggctggece geatggegeg ggegcageag cgagaggtte

taga

<210> SEQ ID NO 95

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 95

tgatgccgat gctacaaaag

<210> SEQ ID NO 96

<211> LENGTH: 1488

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: genomic DNA (T. aureum ATCC 34304 OrfA
downstream genomic DNA fragment)

<400> SEQUENCE: 96

aagcttgtac ggtgaaaage cctttggege ageccgaaac aagtcttget tctectgece

cgtcaaacte gcaaactctg geagcaacte ccgcacgcete tgtaccacgg cgaacccaag

ggcaggcacg cggtgaaacg acttgcatge ttgcacaaca acccccttge cgacgtegac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1204

20

60

120

180
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geggtegect teggagagece caaacacagce gaacgcecgga tecgectgeg cctetgeatg 240
cgectetgea tgcgectega catgegecte ggecteegtyg cetgettgece gggecggegy 300
ggcagcagga agtgcgtgge cgaggtccat cgcatcaaag getegetteg cggegtgaaa 360
ggectegage gectecgecg gcaagtacac cttggtettyg cacttgagca tgetcectgat 420
cegegegtag aggaagacgg ccgcgcagtg gtecaggtge cegtgcgaca agaacacgtg 480
cteegeccte gecgeggect tgtccggete gtecccgage gacccgcagt cgaactgcaa 540
gcagacccege gageccaggt ccacttgcag cgccegtgeceg cagccggecc tegactgecce 600
cgtcacgegg acgtgegagg ccatcteceg cegegagect ggagegcecag agcectectge 660
tgctgeegtyg ccgecteggyg gggcgegagyg agggtcetege ctgatgcage gegeggggece 720
gacgcagcayg cgcgggtgga ggaagactge getgtgggeg geggceccteg ggetgetget 780
cttgtggete ctgteegtge getegttegt geacggegtyg geggacaggyg aggcggacgce 840
cgtegecceg cgcgagggcee ccagggegece ggcgecaaag aggactggeyg ggaggaatga 900
tatgecccget gagectgecg ctggtaggece cgegcacage tegectcegag ggacgceccga 960
cggcaacgeg gtcgagtgcet ccacgaccaa gggeccgtte cgegtggtece tcacgectag 1020
cctagecgecg aacgggacca agtttttcat cgggctggtg gaagcaggct atttcgacca 1080
aggcatcgcece ttctttcecgeg tcaacaaggce catcacgcag ttcgggatca ccaagcgaag 1140
gecacgegat gaggatccegt tcegtgecagtt cagaggeggg geccagegeg acgagaacce 1200
ttteggtgge gtggaggatg acgaggagag tgtccatcge aggcacatgce acccgtggeg 1260
gcgeggcacyg attgectcga taggcggett ccactttgtt gtcacgatcce gcggggacaa 1320
aaagtaagtt cttgaatgtt gtgaagtgcg ccaactcgcg ttcggagcgg acctggaccg 1380
atattcagca atctagaacc tctcgctgct gcgeccgege catgcgggece agcccgcaat 1440
gcatctgaca ttcgagctaa ctcggcggcet tttgtagcat cggcatca 1488
<210> SEQ ID NO 97
<211> LENGTH: 2551
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: genomic DNA (T. aureum ATCC 34304 OrfA

downstream genomic DNA fragment)
<400> SEQUENCE: 97
tggctectega ccaaagccga gtagagtact ctactcagta ctettttcac ataccggcag 60
gecagtgttge tgtgggattg gtceggggge tcettetgcac geggecteeg tegegcegeag 120
aaatgccceg tcactggetg cccaggagge agecgaatcee ctctagcetag ctagetagge 180
tagagcgtcet ttteegtagt ttttcacaaa gecagtatca catggataac gaacgaaggt 240
ttegggeteg cgctegecagg cgttaggacg aagttgateg cceccacgtca cttcaaacga 300
gtgaaccaag atcacgttgce atctgctcge aagatcttet tettccacge cgecatcgatg 360
cgatggattt caaactcttt tcagggettt taggtgagta tggcagceget gtttgegtgg 420
cagcgetgtt tgcgtggttg tactctctaa aggtgcttece acgcatgege gcacaaaggg 480
gcatggcatyg gttggcggeg cactctggece ctcatttgaa gcagactatc gaagggtceca 540
gttggtactyg cggcaggtce ggcgagagca agcgceggegg tegctceccac tegtecctge 600
acagttgctyg gactggcgac ggctggegea cctgactacyg agaagactcyg agacgcacag 660
aggtagtcag ggacgaccga ccgcaaagca caaaccgcte caaaacggece gcaccaggca 720
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gggcagtaaa ctaaaaacga atgtacctcc atcgcgcgta tctgccgage ctecteccac 780
gctteggetyg ggcttgatte accagtgtcc gcaagctgaa ccgaccgtct tcgatgtcat 840
gaagcttgge gcggcattag tcagacgacg cggcacgcca ggattctgte ggtttetggg 900
aaatgggcat ctatatagct gattccctet gtcatgagge ggccttgttce tggecctggg 960

ccgeccgtteg gatgatctat gatgtcegttg tacgcataaa gecttgtcgaa aacgtcggcece 1020
atgtcttect cagagatgta accgagcggce gcgtegtgge gattgatgcce gatgctacaa 1080
aagccgecga gttagctcecga atgtcagatg cattgcggge tggcccgcat ggcgcegggcyg 1140
cagcagcgag aggttctaga ttgctgaata tcggtccagg tccgctccga acgcgagttg 1200
gcgcacttca caacattcaa gaacttactt tttgtccceg cggatcgtga caacaaagtyg 1260
gaagccgect atcgaggcaa tcegtgecgeg ccgcecacggg tgcatgtgec tgegatggac 1320
actctecteg tcatccteca cgccaccgaa agggttceteg tegegetggg ceccgectcet 1380
gaactgcacg aacggatcct catcgegtgg ccttegettg gtgatcccga actgcegtgat 1440
ggcettgttyg acgcgaaaga aggcgatgcec ttggtcgaaa tagcecctgett ccaccagecce 1500
gatgaaaaac ttggtcccgt tcggegetag getaggegtyg aggaccacgce ggaacgggec 1560
cttggtegtg gagcactcga ccgcecgttgce gtegggegte cctcecgaggeg agetgtgege 1620
gggcctacca geggcaggct cagcgggcat atcattccte ccgeccagtcece tcetttggege 1680
cggegecctyg gggecectege geggggegac ggegtcecgee teectgtecyg ccacgeegtyg 1740
cacgaacgag cgcacggaca ggagccacaa gagcagcage ccgagggecyg ccgeccacag 1800
cgcagtette ctccaccege getgetgegt cggeccegeyg cgetgcatca ggcgagacce 1860
tectegegee ccccgaggceg gecacggeage agcaggagge tetggegete caggetcegeg 1920
gegggagatyg gectegcacyg tcecgegtgac ggggcagteg agggcecgget geggcacgge 1980
gctgcaagtyg gacctgggcet cgegggtetg cttgcagtte gactgcegggt cgctcecgggga 2040
cgagecggac aaggcecgegg cgagggegga geacgtgtte ttgtegcacyg ggcacctgga 2100
ccactgecgeg gecgtcecttee tcetacgegceg gatcaggage atgctcaagt gcaagaccaa 2160
ggtgtacttg ccggcggagg cgctcgaggce ctttcacgec gcgaagcgag cctttgatge 2220
gatggaccte ggccacgcac ttcectgetge cccgecggee cggcaagcag gcacggagge 2280
cgaggcgcat gtcgaggcege atgcagaggce geatgcagag gcegcaggegyg atccggegtt 2340
cgetgtgttt gggctcteeg aaggcgaccg cgtcgacgte ggcaaggggg ttgttgtgcea 2400
agcatgcaag tcgtttcacc gegtgectge ccttgggtte gecgtggtac agagcegtgeg 2460
ggagttgctg ccagagtttg cgagtttgac ggggcaggag aagcaagact tgtttcggge 2520
tgcgccaaag ggcttttcac cgtacaagct t 2551
<210> SEQ ID NO 98

<211> LENGTH: 1835

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: 18S rDNA (T. aureum ATCC 34304)

<400> SEQUENCE: 98

cgaatattce tggttgatcce tgccagtagt catacgctta tctcaaagat taagccatge 60

atgtctaagt ataaaggctt atactctgaa actgegaacg getcattata tcagttatag 120

tttctttgat agtgtttttt ctacatggat acttgtggca aatctagaaa caatacatgc 180
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gtacaggcct gactttgggg gagggctgca tttatttgac ttaagccaat acccctceggyg 240
gttgttttgyg tgattcagaa taactgagcg aatcgcatag ctttcegggeg gegatgaatce 300
atttcaagtt tctgccccat cagctgtcga tggtagggta taggectacce atggetgtca 360
cgggtgacgg agaattaggg ttcgattceg gagagggage ctgagagacyg gctaccacat 420
ccaaggaagg cagcaggcgc gtaaattact caatgttgac tcgacgaagt agtgacgaga 480
attaacaatg cggagcgctc agegttttge aattggaatg agagcaatgt aaaagcctca 540
tcgaggatcee attggagggce aagtctggtyg ccagcagecyg cggtaattcece agctccaata 600
gegtatacta aagttgttge agttaaaaag ctcgtagttg aacctetggt agggccgacce 660
ttggegegeyg gtgaatgeceg cgtcegtttag aagegtegtyg ceeggecate ctceccceggt 720
cttttggget gggggtegtt tactgtaaaa aaaatagagt gttccaagca gggggtaata 780
tcececggtata tagtagtatg gaataatgag ataggacttt ggtactattt tgttggtttg 840
catgccaagg taatgattaa gagggacagt tgggggtatt cgtatttaga tgtcagaggt 900
gaaattcttyg gattttcgaa agacgaacta ctgcgaaagc atttaccaag gatgttttca 960
ttaatcaaga acgaaagtta ggggatcgaa gatgattaga taccatcgta gtcttaaccg 1020
taaactatgc cgacttgcga ttgtccggceg tcegettttag atgacctggg cagcagcaca 1080
tgagaaatca aagtctttgg gttccggggg gagtatggtc gcaaggctga aacttaaagg 1140
aattgacgga agggcaccac caggagtgga gcctgcggcet taatttgact caacacggga 1200
aaacttacca ggtccggaca taggaaggat tgacagattg agagctcttt cttgattcta 1260
tgggtggtgg tgcatggccg ttecttagttg gtggagtgat ttgtctggtt aattccgtta 1320
acgaacgaga ccacagccta ctaaatagtg gcecgttatgg cgacatagcg gtgaacttcet 1380
tagagggaca tttcgggtat accggaagga agtttgtggc aataacaggt ctgtgatgcece 1440
cttagatgtt ctgggccgca cgcgcgctac actgatcggt tcaacgagta tttgtttttt 1500
tctcattttg ggagggggca gagtccttgg ccggaaggtce tgggtaatct tttgaatgcece 1560
gatcgtgatg gggctagatt tttgcaatta ttaatctcca acgaggaatt cctagtagac 1620
gcaagtcatc agcttgcatc gattacgtcc ctgcecctttg tacacaccgc ccgtecgcacce 1680
taccgattga acgatccggt gagaccttgg gattctgttg tggctgattce attttggetg 1740
cgatgggaga acttgagcaa accttatcgt ttagaggaag gtgaagtcgt aacaaggttt 1800
ccgtagtgaa cctgcaattc aaaaaaagcce gttac 1835
<210> SEQ ID NO 99
<211> LENGTH: 30
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 99
cgaatattcc tggttgatcc tgccagtagt 30

<210> SEQ ID NO 100
<211> LENGTH: 46

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 100

gtaacggctt tttttgaatt gcaggttcac tacgettgtt agaaac 46
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<210> SEQ ID NO 101

<211> LENGTH: 661

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: EF1l alpha promoter (T. aureum ATCC 34304)

<400> SEQUENCE: 101

ggtttcegta gtgaacctgc aattcaaaaa aagccgttac tcacatcagg ccgccactca 60
tccgggegaa agettegege attcegtecte gtcacctegg gtcccctgtyg tegtgacgga 120
aagcgcgacg agacgcggcece gcagcagaga gcccceggggg cccgegtcac ggggggectg 180
gcggeggtee tccttaagece aaaccgaggg ttagggctcce aggetgtteg geggggtege 240
gggcgeggtyg gacgegeggg gecgectage acctcectage gegcegactac caggatagec 300
ccegegagtg cgcagggegg teegeggggce ggagggcegge ccagcagege ggegceggcegg 360
gcgggtgegg ctgegtaagg tggeggeggg cgcgggceggt tagtgttggt gttaggtcege 420
ggcggggetyg tgttceggge atccegectta cggeggtgca tactggttgg ctgggaggeg 480
gtttgcgggg ttagataggce ggccaaggtg agctgcegttyg ggcggataaa tccgtggagg 540
cgctegttga cggcgeggca gagacggaac gcggagcage acggagtagce aagcaggagt 600
agcaggagta gcaagcagcg gcaaaggaag gctagatgat tgaacaggac ggccttcacg 660

c 661

<210> SEQ ID NO 102

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 102

ggtttcegta gtgaacctgce aattcaaaaa aagccgttac tcacat 46

<210> SEQ ID NO 103

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 103

gegtgaagge cgtcectgtte aatcatctag ccttectttg cegetg 46

<210> SEQ ID NO 104

<211> LENGTH: 835

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Neomycin resistance gene (Neor)

<400> SEQUENCE: 104

catcggcaaa ggaaggctag atgattgaac aggacggect tcacgetgge tcegeccegetg 60
cttgggtgga acggctgtte ggctacgact gggctcagea gacgatcgge tgcteggacg 120
cggeegtgtt cegecttage gegcagggee ggecggtect gtttgtcaag accgacctta 180
geggegecct caacgagetce caggacgaag ctgcccgect cagetggett gecacgacgg 240

gggttceegty cgecgetgtg ctcegacgteg tcaccgaage cggecgegac tggetgetec 300
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tcggggaagt gcccggccag gacctcectca gcagccacct cgcgccceget gagaaggtgt 360
ccatcatggce cgacgccatg cgccgectge acaccctega cccegcecacce tgcccctteg 420
accaccaggc gaagcacagg atcgaacgcg cccgcacgeg gatggagget ggcctegtceg 480
accaagacga cctcgacgag gagcaccagg gcctcegegece ggcggaactyg ttcegeccaggce 540
ttaaggctag gatgccggac ggcgaggacc tcgtggtcac gcacggegac gecctgectcece 600
ccaacatcat ggtcgagaac ggccgcttet cgggctttat cgactgeggg cgcectgggeg 660
tggcggacceg ctaccaagac atcgcgcteg ccacgcggga catcgccgag gagcttggeg 720
gcgagtggge cgaccgcttt ctegtgetcet acggcatcge cgccccggac agccagagga 780
ttgcegttcecta cecgectectg gacgagttet tttgagatce gegecggceta tgege 835
<210> SEQ ID NO 105
<211> LENGTH: 45
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 105
catcggcaaa ggaaggctag atgattgaac aggacggcct tcacg 45
<210> SEQ ID NO 106
<211> LENGTH: 46
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 106
gcgcatagece ggcgeggatc tcaaaagaac tcgtccagga ggeggt 46

<210> SEQ ID NO 107

<211> LENGTH: 1249

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: EF1l alpha terminator (T. aureum ATCC 34304)

<400> SEQUENCE: 107

tcctggacga gttettttga gatcecgegee ggetatgege cegtgetega ctgccacact 60
geccacattyg cctgcaagtt cgctgagete cagaacaaga tggaccgecyg ctegggeaag 120
attctcgagg agacccccaa gttcatcaag tegggtggac tetgecatgg tcaagatgta 180
tccectecaa gegecatgtge gtecgagtect tcaccgagta cecgeegete ggecgetttg 240
cegtgegega catgegegte accgtegetyg teggegtcat caagtecgte accaagggeg 300
acaaataaat tctacgaaag atttttttece tcaagaageg cectaaagtt gacccctage 360
agcgacgact gtgtgtgecg ttgtgagteg agttgegatg tegtgecageg ccegtegegt 420
cccatgeteg cgegegacte cgtetetget tttcatctea agtcaagagt gggaagttcece 480
cttgctttat ctcactattt agaggteget cacggetget ggttectegt cgecatgtage 540
acagcctegt ccaatcgeag cctgcaccac ccegetegece tgggaaaatg cgetcagegg 600
attcgcactyg gcactectet ccteggacag gtgegatgtg gaageggtca catcctegge 660
geecteggee acgccagcat ctgegcaatce getctecteg ttetcagecyg caaccgeagg 720
caggccgacyg tcgtttacct cggaatccac cgageattte gageccateg cgetggegte 780

cacctegate ataccttete catcgeegte cgetgegget tecgattett ctgetgecge 840
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aaccgegacyg tecggecceeg tetecteegt

ctctgetega accggetegt gttcagegte

ccgagtgate cggeccegeg aggcaaggaa

tctecactgee ggtetttgge tggetgectg

taggcttteg ccttggtgac ggegtttgece

agcgcctcaa agtcctgete gaggegecce

gecatgagete cgetgcecte gtecttacgg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 108

LENGTH: 46

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

<400> SEQUENCE: 108

tcctggacga gttettttga gatcegegee ggetatgege cegtge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 109

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

<400> SEQUENCE: 109

cactgcageg aaagacggge cgtaaggacg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 110
LENGTH: 4453
TYPE: DNA
ORGANISM: Artificial
FEATURE:

OTHER INFORMATION:

fusion DNA

tctttecgat

agggcctgcg

teggeggete

tcctgecteg

tgctgeggeg

agctctgact

ccegtettte

(T.

gccggegcag tggcecgcgcece 900

cttgagctecg ggcggcetcett 960

tggagtgtcg gggcagccgce 1020

cgttggectt tgcttttgece 1080

acttggcgeg geccgcggaat 1140

tgatttgcga ggtcceggtg 1200

1249

getgecagtg

46

30

aureum ATCC 34304 18S rDNA/T.

aureum ATCC 34304 EF1 alpha promoter/Neor/T. aureum ATCC 34304 EF1

alpha terminator)

<400> SEQUENCE: 110

cgaatattce tggttgatce tgecagtagt

atgtctaagt ataaaggctt atactctgaa

tttctttgat agtgtttttt ctacatggat

gtacaggcct gactttgggg gagggctgea

gttgttttgg tgattcagaa taactgagcg

atttcaagtt tctgecccat cagetgtega

cgggtgacgyg agaattaggg ttegattceeg

ccaaggaagg cagcaggcge gtaaattact

attaacaatg cggagcgete agegttttge

tcgaggatce attggaggge aagtetggtg

gegtatacta aagttgttge agttaaaaag

ttggcegegeg gtgaatgecg cgtegtttag

cttttggget gggggtegtt tactgtaaaa

tcceggtata tagtagtatg gaataatgag

catacgctta

actgcgaacyg

acttgtggca

tttatttgac

aatcgcatag

tggtagggta

dagagggagce

caatgttgac

aattggaatg

ccagcagecg

ctcgtagttyg

aagcgtegtyg

aaaatagagt

ataggacttt

tctcaaagat taagccatgce 60
gctcattata tcagttatag 120
aatctagaaa caatacatgc 180
ttaagccaat acccctcggg 240
ctttegggceyg gcgatgaatce 300
taggcctacce atggctgtca 360
ctgagagacg gctaccacat 420
tcgacgaagt agtgacgaga 480
agagcaatgt aaaagcctca 540
cggtaattcc agctccaata 600
aacctctggt agggccgacce 660
cceggcecate ctcecececggt 720
gttccaagca gggggtaata 780
ggtactattt tgttggtttg 840
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catgccaagg taatgattaa gagggacagt tgggggtatt cgtatttaga tgtcagaggt 900
gaaattcttg gattttcgaa agacgaacta ctgcgaaagc atttaccaag gatgttttca 960

ttaatcaaga acgaaagtta ggggatcgaa gatgattaga taccatcgta gtcttaaccg 1020
taaactatgc cgacttgcga ttgtccggceg tcegettttag atgacctggg cagcagcaca 1080
tgagaaatca aagtctttgg gttccggggg gagtatggtc gcaaggctga aacttaaagg 1140
aattgacgga agggcaccac caggagtgga gcctgcggcet taatttgact caacacggga 1200
aaacttacca ggtccggaca taggaaggat tgacagattg agagctcttt cttgattcta 1260
tgggtggtgg tgcatggccg ttecttagttg gtggagtgat ttgtctggtt aattccgtta 1320
acgaacgaga ccacagccta ctaaatagtg gcecgttatgg cgacatagcg gtgaacttcet 1380
tagagggaca tttcgggtat accggaagga agtttgtggc aataacaggt ctgtgatgcece 1440
cttagatgtt ctgggccgca cgcgcgctac actgatcggt tcaacgagta tttgtttttt 1500
tctcattttg ggagggggca gagtccttgg ccggaaggtce tgggtaatct tttgaatgcece 1560
gatcgtgatg gggctagatt tttgcaatta ttaatctcca acgaggaatt cctagtagac 1620
gcaagtcatc agcttgcatc gattacgtcc ctgcecctttg tacacaccgc ccgtecgcacce 1680
taccgattga acgatccggt gagaccttgg gattctgttg tggctgattce attttggetg 1740
cgatgggaga acttgagcaa accttatcgt ttagaggaag gtgaagtcgt aacaaggttt 1800
ccgtagtgaa cctgcaattc aaaaaaagcce gttactcaca tcaggccgcc actcatccecgg 1860
gcgaaagcett cgcgcattceg tcectegtcac ctcecgggtceece ctgtgtegtg acggaaagceyg 1920
cgacgagacg cggccgcage agagageccece gggggceccege gtcacggggyg gcectggegge 1980
ggtcctectt aagccaaacce gagggttagg gcectccagget gtteggeggg gtegegggceyg 2040
cggtggacge gceggggecge ctagcaccte ctagegegeg actaccagga tagcccccge 2100
gagtgcgcag ggcggtcecge ggggcggagg gcggeccage agegceggcegce ggcegggeggyg 2160
tgcggectgeg taaggtggeg gogggcgcegg gceggttagtg ttggtgttag gtegeggegy 2220
ggctgtgtte cgggcatcceg ccttacggeg gtgcatactg gttggetggg aggeggtttyg 2280
cggggttaga taggcggcca aggtgagetg cgttgggcegg ataaatccgt ggaggcegcetce 2340
gttgacggeyg cggcagagac ggaacgcgga gcagcacgga gtagcaagca ggagtagcag 2400
gagtagcaag catggcaaag gaaggctaga tgattgaaca ggacggcctt cacgctggcet 2460
cgecccgetge ttgggtggaa cggctgttceg gctacgactg ggctcagcag acgatcggcet 2520
gcteggacge ggccgtgtte cgecttageg cgcagggceg gecggtectg tttgtcaaga 2580
ccgaccttag cggegeccte aacgagetcece aggacgaage tgcccgecte agetggettg 2640
ccacgacggg ggttecegtge gecgetgtge tegacgtegt caccgaagece ggcecgegact 2700
ggctgetect cggggaagtyg cccggecagg acctectcag cagccaccte gegeccgetyg 2760
agaaggtgte catcatggcc gacgccatge gecgectgea caccctcgac cccgecacct 2820
geeecttega ccaccaggeg aagcacagga tcgaacgege cegcacgegg atggaggetg 2880
gectegtega ccaagacgac ctcgacgagg agcaccaggg cctegegecg geggaactgt 2940
tcgecagget taaggctagg atgccggacg gegaggacct cgtggtcacyg cacggcgacyg 3000
cctgectece caacatcatg gtcgagaacg gccgcttete gggctttate gactgcegggce 3060
gectgggegt ggeggaccge taccaagaca tcgegetege cacgegggac atcgecgagyg 3120
agcttggegg cgagtgggcec gaccgcttte tcegtgcteta cggcatcgece gecccggaca 3180

gccagaggat tgcgttctac cgectecctgg acgagttctt ttgagatccg cgeccggctat 3240
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gcgeecgtge tcegactgcecca cactgcccac attgectgca agttcecgctga gctceccagaac 3300
aagatggacc gccgctcecggg caagattcte gaggagaccce ccaagttcat caagtcecgggt 3360
ggactctgec atggtcaaga tgtatcccct ccaagcgcat gtgcgtcgag tcecttcaccy 3420
agtaccecgece gecteggeege tttgeccegtge gcgacatgeg cgtcaccgte getgteggeg 3480
tcatcaagtc cgtcaccaag ggcgacaaat aaattctacg aaagattttt ttcctcaaga 3540
agcgccectaa agttgaccece tagcagcgac gactgtgtgt gecgttgtga gtcgagttgce 3600
gatgtcgtge agcgcccecgte gcgtceccatg ctcecgegegeg actccecgtcectce tgctttteat 3660
ctcaagtcaa gagtgggaag ttcccttgct ttatctcact atttagaggt cgctcacggce 3720
tgctggttce tecgtegcatg tagcacagce tcgtccaatc gcagcctgca ccaccccgcet 3780
cgecctgggaa aatgcgctca geggattcge actggcactce ctctectcecgg acaggtgega 3840
tgtggaagcg gtcacatcct cggcgcccte ggccacgceca gcatctgcecge aatcgctcete 3900
ctcgttetca gecgcaaccyg caggcaggcece gacgtcegttt acctcggaat ccaccgagca 3960
tttcgagece atcgegcectgg cgtccaccte gatcatacct tcectcecatcge cgtecgetge 4020
ggcttcecgat tettetgetg ccgcaaccge gacgteggec cccgtcetect cegttettte 4080
cgatgcegge gcagtggecg cgccctetge tcgaaccgge tegtgttcag cgtcagggcece 4140
tgcgcttgag ctcecgggcecgge tetteccgagt gatccggece cgcgaggcaa ggaatcggeg 4200
gctetggagt gteggggcag ccgctctcac tgccggtcett tggectggetg cctgtectge 4260
ctcgegttgg cectttgcettt tgectaggcet ttegecttgg tgacggegtt tgectgetge 4320
ggcgacttygyg cgeggecgeg gaatagegece tcaaagtect getcgaggeg ceccagetet 4380
gacttgattt gcgaggtcce ggtggcatga gctccgctge cctegtectt acggccegte 4440
tttcgetgeca gtg 4453

<210> SEQ ID NO 111
<211> LENGTH: 1218

<212> TYPE

: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: genomic
genomic DNA fragment)

<400> SEQUENCE: 111

ccecgaatteg

cgtcgggcgt

ctggtgcgaa

gagtcctege

accagagaga

tgagggccce

accaggtege

cactacgtag

cgegeagete

ggacatggga

aaggacgagc

cccattgegt

ccacgecttyg

gacgatgact

cgtegcaaac

acgctggect

gatgattagg

gagttggete

tggaggggag

aggaggccag

tgcagagacg

getegeggac

tcgagaacge

ggccggcecgce

gegeggatgg

tcecgectect

gactgactga

caggcaggca

getecgetge

caagcctgag

tcttgegtea

gaaggaggcc

gecagcceecgece

cagagcgggc

ggggtecgtyg

cgttegeect

ctgteecece

cgtettgget

cgctgageaa

DNA (T. aureum ATCC 34304 OrfA upstream

ttggctgacy

dgcaggaagyg

aagccaagec

cgagcacgta

aggceggegey

dgcgagegge

acggacagga

cggatccgea

gecgegegaa

getegegety

tcegegeact

ggtccctete

gegatgaget

acggcegece

aaggaaggaa

gegetegeag

agctgcactyg

cagcccactt

gagtggcgge

atcctcaggyg

gtgcggtege

aacggacacg

ccagcagcag

cgaagcgege

gaggcgcettg

gagcacggac

tegtgegegg

gggccaggcc

gtgtacttce

cggcetgttea

gegtegegge

cctecactgge

cgcagcageg

gccacceege

gtgtgggagce

gagcegtecg

ceggcagege

ctegtgeteg

cgectgcaag

60

120

180

240

300

360

420

480

540

600

660

720

780
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tgcaagtgtt

attgggccga

agaggggegy

ggccatcatt

aggtacgagg

ctettetgty

aaggatcegt

gaggcagaca

cttgtgetge

dggagggagy

ggcaggatgt

gggccatcat

ccacgaacct

acctttcatc

getgcaaacy

agcttggg

<210> SEQ ID NO 112
<211> LENGTH: 32

<212> TYPE:

DNA

agggcgccga agaattggat tctggeccat gatcagtttg

gaggctggge

gagtgggcga

caccagcaag

gagcgcagga aagtgacgca agtgcatccg

tggtgttttyg ggccgegett tgeggategt

acgtcgtttyg ccgegetcag getggttggt

gtgtgcagge

caagtggagt

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 112

aaactcgatt

gegtcgagag

cccgaatteg gacgatgact gactgactga tt

<210> SEQ ID NO 113
<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 113

cccaagettyg tetgectegg ctettggt

<210> SEQ ID NO 114
<211> LENGTH: 1000

<212> TYPE

: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: genomic DNA (T.

downstream genomic DNA fragment)

<400> SEQUENCE: 114

ccececatggt

cgcagaaatg

taggctagag

aaggtttegg

aacgagtgaa

cgatgegatg

cgtggcagceg

aaggggcatg

gtccagttygyg

cctgcacagt

cacagaggta

aggcagggca

cccacgette

gtcatgaagce

gttgetgtgg

ccecegteact

cgtettttee

getegegete

ccaagatcac

gatttcaaac

ctgtttgegt

gcatggttgg

tactgcggea

tgctggactyg

gtcagggacg

gtaaactaaa

ggctgggctt

ttggcgcggc

gattggtccyg

ggctgeccag

gtagttttte

gcaggegtta

gttgcatctyg

tctttteagy

ggttgtactce

cggegeacte

ggtccggcga

gecgacggetg

accgaccgca

aacgaatgta

gattcaccag

attagtcaga

ggggctette

gaggcagcecg

acaaagccag

ggacgaagtt

ctcgcaagat

gettttaggt

tctaaaggtyg

tggcccteat

gagcaagcge

gegeacctga

aagcacaaac

cctecatege

tgtccgcaag

cgacgeggea

tgcagacccyg

caccgecgag

tgcacgcgge

aatccctcta

tatcacatgg

gatcgeccca

cttcttette

gagtatggca

ctteccacgea

ttgaagcaga

ggngthCt

ctacgagaag

cgctccaaaa

gegtatetge

ctgaaccgac

cgccaggatt

ccggactgeg

gccatcattg

ceggecgate

tgcacttgga

agacacggcg

accaagagcc

aureum ATCC 34304 Orfa

ctcegtegeyg

gctagetage

ataacgaacg

cgtcacttca

cacgcegeat

gegetgtttyg

tgcgcgcaca

ctatcgaagg

cccactegte

actcgagacyg

cggecgeace

cgagecetect

cgtettegat

ctgteggttt

840

900

960

1020

1080

1140

1200

1218

32

28

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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ctgggaaatyg ggcatctata tagctgatte cctetgtecat gaggeggect tgttetggee

ctgggecgee gtteggatga tctatgatgt cgttgtacge ataaagettyg tcegaaaacgt

cggecatgte ttectcagag atgtaaccga gecatggggyg

<210> SEQ ID NO 115

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 115

cceccatggt gttgetgtgg gattggte

<210> SEQ ID NO 116

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 116

ccecccatgge teggttacat ctetgaggaa

<210> SEQ ID NO 117

<211> LENGTH: 1632

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: fusion DNA (T. aureum ATCC 34304 ubigitin
promoter/Hygr)

<400> SEQUENCE: 117

cccaagetty cegeagegee tggtgecacce gecgggegtt gttgtgtget cttettgect

cecgagagaga gageggageg gatgcatagg aaatcegggece acgegggagyg gecatgegtt

cgececacac gecactttee acgccegete tetcteegge cggcaggeayg cgcataacte

tcegacgety gcaggetggt agcaactgge agggacaact cgegegeggyg teceggtegt

tegatgtgee aaccegagag aatccageca gecagggeggt tggectcate geccacctge

tatggtgcag cgaaccaact cccgaagegg ceggttetge gattecctet tetgaattet

gaattctgaa ctgattcegg aggagaacce tctggaageyg cgggttgect ctecagttet

gcecgaactag acaggggagt gagcagagag tgaccctgac geggagegag ctggttgetyg

gaaaagtcege gaacgetggg ctgtgtcacg cgtccactte gggcagacce caaacgacaa

gcagaacaag caacaccage agcagcaage gacctaagca acactageca acatgaaaaa

gectgaacte accgcgacgt ctgtecgagaa gtttetgate gaaaagtteg acagegtete

cgacctgatyg cagetectegg agggegaaga atctegtget ttcagetteyg atgtaggagyg

gegtggatat gtectgeggg taaatagetg cgccgatggt ttctacaaag ategttatgt

ttatcggcac tttgcategg ccgegetece gattceggaa gtgcttgaca ttggggaatt

cagcgagage ctgacctatt gecatcteccyg cegtgcacag ggtgtcacgt tgcaagacct

gectgaaace gaactgeceg ctgttetgea geeggtegeyg gaggccatgg atgegatege

tgeggecgat cttagecaga cgagegggtt cggeccatte ggaccgcaayg gaatcggtcea

atacactaca tggcgtgatt tcatatgege gattgectgat ceccatgtgt atcactggca

aactgtgatg gacgacaccg tcagtgegte cgtegegeag getctegatg agetgatget

900

960

1000

28

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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ttgggccgag gactgcceceg aagtccggca cctegtgcac geggattteg getccaacaa 1200
tgtcctgacg gacaatggcc gcataacagce ggtcattgac tggagcgagg cgatgttegg 1260
ggattcccaa tacgaggtcg ccaacatctt cttctggagg cegtggttgg cttgtatgga 1320
gcagcagacyg cgctactteg agcggaggca tccggagett geaggatcge cgeggcetecg 1380
ggcgtatatg cteccgcattg gtettgacca actctatcag agettggttg acggcaattt 1440
cgatgatgca gcttgggege agggtcgatg cgacgcaate gtecgatceyg gagecgggac 1500
tgtcgggegt acacaaatcg cccgcagaag cgcggccegte tggaccgatg getgtgtaga 1560
agtactcgee gatagtggaa accgacgecce cagcactegt ccgagggcaa aggaatagte 1620
gacgcatgceg gg 1632
<210> SEQ ID NO 118

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 118

cccaagettyg ccgcagegee tggtgcacce gecggg 36
<210> SEQ ID NO 119

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 119

ccegeatgeg tcegactatte ctttgeccte ggacgagtge tgg 43
<210> SEQ ID NO 120

<211> LENGTH: 1000

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: genomic DNA (T. aureum ATCC 34304 OrfA

downstream genomic DNA fragment)

<400> SEQUENCE: 120

ccegtegacy tgttgetgtg ggattggtee gggggetcett ctgecacgegyg ccteegtege 60
gegcagaaat gcccegtcac tggetgecca ggaggcagee gaatcectet agetagetag 120
ctaggctaga gegtetttte cgtagttttt cacaaagcca gtatcacatg gataacgaac 180
gaaggtttcg ggctegeget cgcaggegtt aggacgaagt tgatcgeccce acgtcactte 240
aaacgagtga accaagatca cgttgcatct getcgcaaga tettettett ccacgecgca 300
tcgatgegat ggatttcaaa ctettttecag ggettttagg tgagtatgge agegetgttt 360
gegtggcage getgtttgeg tggttgtact ctctaaaggt gettecacge atgegegeac 420
aaaggggcat ggcatggttg geggegeact ctggecctea tttgaagcag actatcgaag 480
ggtccagttyg gtactgegge aggtceggeyg agagcaageg cggeggtege tcccactegt 540
ccctgecacag ttgctggact ggegacgget ggegeacctg actacgagaa gactcgagac 600
gcacagaggt agtcagggac gaccgaccge aaagcacaaa ccgctccaaa acggecgeac 660
caggcagggce agtaaactaa aaacgaatgt accteccateg cgegtatetyg ccgagectcece 720

tcccacgett cggetggget tgattcacca gtgtecgcaa getgaaccega ccegtcettega 780
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tgtcatgaag cttggegegg cattagtcag
tctgggaaat gggcatctat atagetgatt
cctgggeege cgtteggatg atctatgatg

tcggecatgt cttectcaga gatgtaaceg

<210> SEQ ID NO 121

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 121

ccegtegacy tgttgetgtg ggattggte

<210> SEQ ID NO 122

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 122

ccegtegact cggttacate tctgaggaa

<210> SEQ ID NO 123

<211> LENGTH: 3705

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: fusion DNA (T.

acgacgcgge acgccaggat tctgteggtt

cecctetgtea tgaggeggece ttgttetgge

tcgttgtacyg cataaagctt gtecgaaaacyg

agtcgacggg

promoter/Neor/T. aureum OrfA downstream)

<400> SEQUENCE: 123

ccececatgge teggttacat ctetgaggaa

gegtacaacyg acatcataga tcatccgaac

atgacagagg gaatcagcta tatagatgcce

tgcegegteg tctgactaat gecgegecaa

cttgcggaca ctggtgaate aagcccagece

gecgatggagg tacattcgtt tttagtttac

gtttgtgett tgeggteggt cgtccctgac

tcaggtgege cagcegtege cagtecagea

gegettgete tegeeggace tgccgcagta

atgagggcca gagtgegecg ccaaccatge

cacctttaga gagtacaacc acgcaaacag

acctaaaagce cctgaaaaga gtttgaaatce

atcttgcgag cagatgcaac gtgatcttgg

aacttegtce taacgectge gagegegage

ctggetttgt gaaaaactac ggaaaagacg

cggetgecte ctgggecagee agtgacgggg

gaagagcccee cggaccaatc ccacagcaac

ttgggggtct cctcgagaat cttgeccgag

gacatggcceg acgttttcga caagctttat

ggcggeccag ggccagaaca aggecgecte

catttcccag aaaccgacag aatcctggeg

gettcatgac atcgaagacg gtcggttcag

gaagcegtggg aggaggcetceg gcagatacge

tgcecctgect ggtgeggeeyg ttttggageg

tacctetgtyg cgtctegagt cttetegtag

actgtgcagg gacgagtggg agcgaccgec

ccaactggac ccttegatag tctgettcaa

catgccectt tgtgegegea tgegtggaag

cgctgecacyg caaacagcgce tgecatactce

catcgcateg atgcggegtyg gaagaagaag

ttcactcgtt tgaagtgacyg tggggcgatc

ccgaaacctt cgttegttat ccatgtgata

ctctagecta gectagctage tagagggatt

catttectgeg cgcgacggag gecgegtgea

accatggcag agtcgcccga cttgatgaac

cggeggteca tettgttetg gagetcageg

840

900

960

1000

29

29

aureum OrfA upstream/EF1 alpha

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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aacttgcagg caatgtgggc agtgtggegg tegagcacgg gegcatagece ggcegeggate 1140
tcaaaagaac tcgtccagga ggcggtagaa cgcaatcctce tggctgtceg gggcggcgat 1200
geegtagage acgagaaagce ggtcggecca ctegecgeca agetcctegg cgatgteecg 1260
cgtggegage gcegatgtett ggtageggte cgecacgece aggcgeccge agtcgataaa 1320
gcccgagaag cggcecgttcet cgaccatgat gttggggagg caggcgtcegce cgtgcgtgac 1380
cacgaggtcce tecgcecgteceg gcatcectage cttaagectg gcgaacagtt cegeccggegce 1440
gaggccctgg tgctectegt cgaggtegte ttggtcgacyg aggccagect ccatccgegt 1500
gcgggcgegt tegatcctgt gcecttegectg gtggtcecgaag gggcaggtgg cggggtcegag 1560
ggtgtgcagg cggcgcatgg cgtcggcecat gatggacacc ttcectcagegg gcgcgaggtyg 1620
getgetgagyg aggtectgge cgggeactte cccgaggage agecagtege ggecggette 1680
ggtgacgacyg tcgagcacag cggcgcacgg aacccecgte gtggcaagec agetgaggeg 1740
ggcagctteg tcectggagcet cgttgaggge geccgctaagg tceggtcttga caaacaggac 1800
cggeeggece tgcgegcetaa ggcggaacac ggecgcegtece gagcagcecga tcegtetgetg 1860
agcccagteg tagcecgaaca gecgttecac ccaagcageg ggcgagcecag cgtgaaggece 1920
gtcetgttca atcatctage cttectttge cgctgettge tactcectget actectgett 1980
gttacttegt gttgctccge gttecgtete tgccgegeeg tcecacgagceg ccteccacgga 2040
tttatcecgee caacgcggcet caccttggcce gcectatctaa cecccgcaaac cgcctceccag 2100
ccaaccattg cgccgecgta aggcggattce ccagaacaca gcecccgcecge gacctaacce 2160
aacctaaccg cccgegeccg ccgccacctt acgcagecege acccgeccge cgcegecgege 2220
tgctgggeccg cectegeeee gcagaccgcee ctgegcecgete gegggggcta tectggtagt 2280
cgegegetag gaggtgctag geggceceegt gettccaccet cgeccgcegac cccgecgaac 2340
agcctggagce cctaacccete ggtttggcett aaggaggact geccgccaggce cccccgtgac 2400
gcgggcecceee ggggctetet gctgeggecg cgtctegteg cacttteegt cccgacacag 2460
gggacccgag gtgacgagga cgaatgcgceg aagcttgtet gectceggetce ttggtctegg 2520
cggtgctete gacgcactece acttgegttt gcagcacgga teccttegeeg tgtctegggt 2580
ctgcaaatcg agtttgcctg cacacgatga aaggtcacag aagagtccaa gtgcaaccaa 2640
ccagcctgag cgcggcaaac gacgtaggtt cgtggcecteg tacctgatcg gecggacgat 2700
ccgcaaageg cggceccaaaa caccaatgat ggeccaatga tggceccaatyg atggecggat 2760
gcacttgegt cactttecctg cgctcacatce ctgccceccgec cctectegecag teeggcettge 2820
tggtgtcegece cactcgccca gecteectee ctecectegge ccaatcaaac tgatcatggg 2880
ccagaatcca attcttcgge gecctgcage acaagaacac ttgcacttge aggcggtecg 2940
tgctcagete atcgettget cagcgaggag geggacaagg cgtggcgage acgagcaagce 3000
gectegagag ggaccagceca agacgcecatce cgcgcacgca atggggeget gecgggcegeg 3060
cttcgagtge gecggaggggg gacaggcggce cggcecgceteg tectteggac ggctectget 3120
gctggcageg cgagcagggce gaacggcegtt ctcgatccca tgtceccgectcece cacaccgtgt 3180
cegttttege geggecacgg accccgteeg cgagcegaget gegeggeggyg gtggegegac 3240
cgcactgegg atccggceceg ctetgegtcet ctgcactacg tagtgegctg ctgecgcecctg 3300
aggattcctg teccecgtggegg getgectgge ctectgcegac ctggtgccag tgagggccgce 3360
cactegecge tegecggect ccttectece ctecagggge cctecagecge gacgcaagtyg 3420
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-continued
ggctgcgege cgccttgacg caagagagcc aactctctet ctggttgaac agccgcagtg 3480
cagcttacgt gctcgctcag gettgectaa tcatcgcecgag gactcggaag tacacctgeg 3540
agcgcggett ggcttgcage ggagcaggcce agegtttege accagggcct ggcccttect 3600
tcettectte ctgectgect gectggtttg cgacgacgcce cgacgccgeg cacgagggcyg 3660
gcecgtegtea gecaatcagt cagtcagtca tcgtccgaat teggg 3705

<210> SEQ ID NO 124
<211> LENGTH: 3826

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

promoter/Hygr/T. aureum OrfA downstream)

<400> SEQUENCE: 124

ccececatgge

gegtacaacyg

atgacagagg

tgcegegteg

cttgeggaca

gcgatggagg

gtttgtgett

tcaggtgege

gegettgete

atgagggcca

cacctttaga

acagcgetge

cggcgtggaa

agtgacgcgg

tcgttatecca

tteggetgec

gcaaaagagc

gagtgctggg

cggeegeget

ttgcegtegea

gatagagttyg

getecggaty

tccagaagaa

caatgaccge

gcacgaggtg

gcgegacgga

cagcaatcge

atgggccgaa

cgaccggetyg

tcggttacat

acatcataga

gaatcagcta

tctgactaat

ctggtgaatc

tacattegtt

tgcggtegge

cagcegtege

tegecggace

gagtgcgeeg

gagtacaacc

catactcacc

gaagaagatc

gacgatcaac

tgtgatactg

tcecttgggea

cceceggacca

gegteggttt

tCthgggCg

tcgaccctge

gtcaagacca

ccteegeteg

gatgttggcg

tgttatgegyg

cecggactteg

cgcactgacyg

gcatatgaaa

ccegetegte

cagaacagcg

ctctgaggaa

tcatccgaac

tatagatgcc

gecgegecaa

aagcccagec

tttagtttac

cgtecctgac

cagtccagca

tgccgcagta

ccaaccatge

acgcaaacag

taaaagccct

ttgcgagcag

ttcgtectaa

getttgtgaa

gccagtgacyg

atcccacage

ccactategg

atttgtgtac

gcccaagetyg

atgcggagca

aagtagcgeg

acctcgtatt

ccattgteeg

gggcagtect

gtgtcgteca

tcacgccatg

tggctaagat

ggcagttcgg

gacatggccyg

ggcggcccag

catttcccag

gettcatgac

gaagcgtggg

tgcecctgect

tacctetgtyg

actgtgcagyg

ccaactggac

catgceecett

cgctgecacy

gaaaagagtt

acgcaacgtyg

cgectgegag

aaactacgga

gggcatttet

aacacgtcga

cgagtactte

gecegacagt

catcatcgaa

tatacgceeg

tctgetgete

gggaatccce

tcaggacatt

cggcccaaag

tcacagtttyg

tagtgtattg

cggecgcage

tttcaggcag

acgttttega

ggccagaaca

aaaccgacag

atcgaagacyg

aggaggctcg

ggtgcggecg

cgtctegagt

gacgagtggg

ccttegatag

tgtgcgegea

caaacagcge

tgaaatccat

atcttggtte

cgcgageccg

aaagacgcta

gegegegacg

ctattccttt

tacacagcca

cceggetecay

attgcegtca

gagcecgegge

catacaagcc

gaacatcgcce

gttggagccg

catcagctca

ccagtgatac

accgattect

gatcgcatce

gtcttgcaac

caagctttat

aggccgecte

aatcctggeg

gtcggttceag

gcagatacgce

ttttggagtyg

cttectegtag

agcgaccgec

tctgcttcaa

tgcgtggaag

tgccacgcaa

cgegtegatyg

actcgtttga

aaaccttegt

gctagaggga

gaggcegegt

geecteggac

tcggtecaga

gatcggacga

accaagctet

gatcctgcaa

aaccacggec

tcgetecagt

aaatcecgegt

tcgagagect

acatggggat

tgcggtecga

atggccteceg

gtgacaccct

fusion DNA (T. aureum OrfA upstream/ubiquitin

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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gtgcacggcg ggagatgcaa taggtcaggc tctcgctgaa ttccccaatg tcaagcactt 1800
ccggaatcgg gagcgcggcece gatgcaaagt gccgataaac ataacgatct ttgtagaaac 1860
catcggcegca gctatttace cgcaggacat atccacgcecce tectacatcg aagctgaaag 1920
cacgagattc ttcgccctec gagagctgca tcaggtcecgga gacgctgteg aacttttcega 1980
tcagaaactt ctcgacagac gtcgcggtga gttcaggcett tttcatgttg getagtgttg 2040
cttaggtcge ttgctgctge tggtgttgct tgttcectgett gtcegtttggg gtectgcccga 2100
agtggacgcg tgacacagcc cagcgttcge gactttteca gcaaccaget cgctceccgeg 2160
tcagggtcac tctctgctca cteccectgte tagttcggca gaactggaga ggcaacccgce 2220
gcttecagag ggttctecte cggaatcagt tcagaattca gaattcagaa gagggaatcyg 2280
cagaaccggce cgcttcggga gttggttcecge tgcaccatag caggtgggceg atgaggccaa 2340
ccgcectget ggctggatte tetegggttg gcacatcgaa cgaccgggac ccgcgcegcega 2400
gttgtcecetyg ccagttgcta ccagecctgece agegteggag agttatgegce tgcctgecgg 2460
ccggagagag agcegggegtyg gaaagtggeg tgtggggega acgcatggece ctceecgegtyg 2520
gccecgattte ctatgcatce gctecgetet ctcetectecgga ggcaagaaga gcacaccaac 2580
aacgcceeggce gggtgcacca ggcgcetgcegg caagcttgte tgcecctegget cttggteteg 2640
gcggtgctet cgacgcacte cacttgegtt tgcagcacgg atccttegece gtgtcecteggyg 2700
tctgcaaatc gagtttgecct gcacacgatg aaaggtcaca gaagagtcca agtgcaacca 2760
accagectga gcgeggcaaa cgacgtaggt tegtggecte gtacctgatce ggccggacga 2820
tcegeaaage gceggeccaaa acaccaatga tggceccaatyg atggcccaat gatggcecgga 2880
tgcacttgeg tcactttect gegctcacat cctgecceege cectectcegea gteceggettg 2940
ctggtgtecge ccactcgecce agectcececte cctecctegg cccaatcaaa ctgatcatgg 3000
gccagaatecce aattcttcgg cgccecctgcag cacaagaaca cttgcacttg caggcggtcece 3060
gtgctcaget catcgettge tcagcgagga ggcggacaag gegtggegag cacgagcaag 3120
cgectegaga gggaccagcece aagacgecat cegegcacge aatggggege tgccgggege 3180
gettegagty cgeggagggg ggacaggegg ccggecgete gtecttegga cggetcectge 3240
tgctggcage gcgagcaggg cgaacggcgt tctcecgatcce atgtccecgcte ccacaccgtg 3300
tcegtttteg cgcggecacyg gacccegtee gegagcgage tgcgeggegy ggtggegcega 3360
ccgcactgeg gatcecggece getcectgegte tcetgcactac gtagtgeget getgegeect 3420
gaggattcct gtcegtggeg ggetgectgg cctectgcga cetggtgeca gtgagggecy 3480
ccactegeeg ctegecggee tecttectee cetecagggyg cectcagecyg cgacgcaagt 3540
gggctgcgeg ccgecttgac gcaagagagce caactctcte tetggttgaa cagccgcagt 3600
gcagcttacg tgctcgectca ggettgecta atcatcgcga ggactcggaa gtacacctge 3660
gagcgcggcet tggettgcag cggagcaggce cagcegttteg caccagggcec tggcecccttece 3720
ttecttectt cectgectgee tgectggttt gcgacgacge ccgacgccgce gcacgagggce 3780
ggcegtegte agccaatcag tcagtcagtc atcgtccgaa tteggg 3826

<210> SEQ ID NO 125
<211> LENGTH: 22

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 125
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174

gaagcgtcece gtagatgtgg te

<210> SEQ ID NO 126

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 126

geccgagagg tcaaagtacg ¢

<210> SEQ ID NO 127

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 127

gegageccag gtcecacttge

<210> SEQ ID NO 128

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 128

cagcccgatyg aaaaacttgg tc

<210> SEQ ID NO 129

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 129

gggagcgcag ggaaaacggt ct

<210> SEQ ID NO 130

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 130

ccageccacy tegteggage

<210> SEQ ID NO 131

<211> LENGTH: 2297

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: genomic DNA (T.
upstream genomic DNA fragment)

<400> SEQUENCE: 131

22

21

20

22

22

20

aureum ATCC 34304 C20 elongase

ggceggggca geccgeccag cacgcecegetyg cgetgettte ggtcatgega acctggetec 60

ccacagcaat gctgegeggt cgetgegect cttgaggete ggegacgttg geceggtttg 120

gggcaccctyg acgttgcacg aacgtccget geatctcagg cgcactcgga tcgacaactg 180
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tgcaaccggt cagccttteg cggcagattg ggcacttgec gegetegegt atcegegtgg 240
cgcattctte gcacacgcag gcgtgccegge agggaagcag gagggtgttt atcgtggegt 300
ccatgtagac cttgcacagc cgcggctcac tttccectegg cgcagtcceg tgcccaacgt 360

cggggecggyg cgccggaegee ggcgagggeg teggttetgg gatgggatca ggatccegecg 420

aggctgcaga ttgctgtgeg ggggtgeegyg ggegeggece attagecacceg tcectgeggaa 480

tatccaggag ggtgctcate acggaageca tgteegggeg ctggetgecg tettegtgeg 540
tgcaacgatc caccaggtca aggagcacce gagccacgtt ttggegggtyg cgaaaagegg 600
cttggtcaac gcagegctee gggtcgaage cgttgtegeg catccagtac ggaagcaggt 660
cgaggccgeg goggcaggga aagcaaggeg gettgecgga cacaagetceg ccgagcacga 720
cgccaaagge gtaaacgtece acggggegat tgtactegac atgggtggeg ccctcecaggt 780
cggagatcte gggcgecatg tagccaageg tgeccacttg tgtcategtt tgcatggtgt 840
ggagegtggt actggceggec accttggaca cgccaaagte cgtccagcac agecttagge 900
cegegecctt gttcaggttg accagagegt tgtegetett ggatgtcetet gtgcagcacg 960

ccagcagegt gcagegecect gaggcegtge gecgectggt atgecagege ctcegegageg 1020
ctgcecgteca aaagcggegce gctccccgaa tcatcgegga gectggatgge cttettgage 1080
gacatttcca tgcggggcat gatgatcgca aacctgccge cgctcectgtgg ctecgagegeg 1140
gtcgeccagga ccgtgagcac gttectegtge gttgecgcecteg ccatccecgega ggectcageg 1200
cgaaagtcat cgaggacgcce gagcgtetge cegggcecgeg gtaccttgac agcegcagcege 1260
ccgaacggeg ccacgtecge ttcaaacacce tegecaaagyg cgecttgtece gagcagetceg 1320
cceccagecge agcecgegace actcgatcte gggcacgegt gecatcgace cttgecagegt 1380
ggccttgeca agtcacagte cagcgcgcag ttcagtgtet gecgcecgccag gtccaccacy 1440
atcaattcat ccgagtcggce tgcgaactgg acaagtgcca tttgggtgcg ggcaacgcgce 1500
aagatcacce agcactggca tgaagaccat gaatgaatga atgaccgtgce gcgagtgace 1560
gaccaacacg agtccagccg acteccttett cttctectte ttettettet tettettete 1620
gtagcgggceg tcaacagcat caatcaggca tggcggcatt cactctgegce gatggatgge 1680
acgagcgctg gaggtgatga acgcactgcce cggattggct ctcggtcact gtcagcacat 1740
gatgcctgtg cttgcgegga gcgegctatg tectegttcetyg tgtcaagaca caggcgcaac 1800
tcttgatgga ttcttgaage gcatgtaact gaagtctgac agactcggaa gtccattgtg 1860
aacaatgttg ttccacaatt gctccaattg ttccgattat tccacaattg ttgttccaat 1920
tgttccaatt gttccgatta ttccgattat tccactttag ttgttccagt tgttceccgatt 1980
gttccacaat tgttgttccg attattccag ttgttccagt tgttccaatt attccaattg 2040
ttccagttcece ttactcttga catcggggga ataacgggtg tgtatttagg ggttcggcga 2100
aagcagaatg gccgaacgta acagcggaga ggaacctcett tagcggggtt tgcgtatcegg 2160
ggaaaccagyg tgttgtgctyg gcgaggagga tccccegega ggcgatgget getccgacga 2220
cgtgggetgg cgacgtcget cgcaaaggcg ttccgcaacce gecgcegttceeg ctgtaacgag 2280

accgttttee ctgcget 2297

<210> SEQ ID NO 132

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:
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<223> OTHER INFORMATION: primer

<400> SEQUENCE: 132

geegetcatyg cccacgcetca aac

<210> SEQ ID NO 133

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 133

cttteggetyg ccaggaatct acg

<210> SEQ ID NO 134

<211> LENGTH: 2189

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: genomic
<400> SEQUENCE: 134

cttteggetyg ccaggaatct acggeccagg
ccaggecege agtategtca aggagggeca
caccggtgeg atccgegett cgetggecaa
cgacgacgag cctgcaatga accatgtegt
ccegecceeg aagcgegaag actttgacaa
cteettette tcagagagca agegggtett
cgegetattyg tacccgacct accgegaagg
caacggctgg acgctecateg acgecteggg
geccaaageg cccgecccca tegecgecte
agcggecgag ccggtgegee ggegeaggeg
gecgagtggyg cegteggtet tgcagagggt
getecteggt cgectgtttyg ggccacttte
ggcgcactgg ctgttgegte tegtgggget
aacctgecte cttgttgaca acggeteget
gecacgeggeg aacctcgaag agtctcettag
ggtggtggee gtcagcegcega ggtacagega
geceggegte gecctegeeyg ggttectgag

agcaaccagce gaggttggece geatcatcge
ggccacgteg tatgttgett cccagetege
tgcegeteeg ctegtgtege gggacggege
tgacgtcget cgggegegeg cgetgeagge
gtceccgage cgageggtca accgegtteg
ccttggeceg aacgegeget gegttgtega
tttegectte aacgagecte tgctagagte

cgacgtcatt ctegegatgg catttttgge

DNA (T. aureum ATCC 34304 Orfa
downstream genomic DNA fragment)

gegeggeccy

ggtetteteyg

cccaaacccyg

gacagagttt

ggtgcgcgag

caacaagcgg

gatcaaagce

tgcttetget

aagtgacgag

ccecegagege

ttctegggea

gagccgeget

gegegeatee

caaaccagag

gagcgacgceyg

cecgecatcgac

ttccttcaag

gctecectac

agagcacttt

cattgcgcag

ccegtacgeyg

gegggecate

ctgctecatg

ggttttcace

gectggtege

atctcacgaa

cgggcgcacg

ggcegegect

gectgegaac

accatgtcaa

ctcaaggaag

caactggagg

ggaaccgact

tcgagcgggc

aaggcgctee

atttatggge

gteggettgt

gegecggygceg

ccttttegee

cgtgecccac

gecteectte

gecgacgecg

tttectgggee

ccaggagecg

ctecctegety

gtagttcteg

getgegegga

gagcegecegeg

aagggtggtc

cacgctggeyg

ttcgcaaggy

tcgacgatat

acaacgtttyg

tcatggacgt

gecatgteget

agctgeggta

aggagcttge

ccectgecte

agagcgcgac

cgectgetygy

cgttcagtty

ttcgeggety

geggecegtac

agctgegegt

atcccgtgea

tggacggcaa

agtcgcagec

caagcaagac

agcgcaccat

acatggtcca

tcgaccacgyg

tgcgcegecay

agggcgacgc

tcgactetygy

agggeggega

23

23

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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tatcgcggag atccttgacg aggctatcge aaagtcggct ggcaagctgce gegttcacca 1560
aacgcggttg attggtgacg tggacaggaa cggtacgcag atttgcgccce tectcaagaa 1620
caggcegett gccgegetgt aacggcaaga geatccacaa ttectgacct gagcaaacca 1680
geecacgega gagaccgaac acgtcaagcece gatgaggcegce agaaaacaaa gaaaaaaagce 1740
aaaaagaaca aaaacccaag gcaaaatgat ggcaattttc ttggtatgga aagccgatga 1800
tcgccgagtg tegcetggeta tttgctetgg tggggcatcg agctcgatga ccgaaatcca 1860
ccaattatct gecgtgtcaat catttggagce ataagacccg ggaaggcctt gagcaagcga 1920
agaaaccggce gcgtgttcac acgatagtac gagacgtcege tcectctgcecgeg gatctcaatce 1980
tgagccttet tgtctccgeg gatgaaagtg ttcatgtece cgacaagggce gecgcegecca 2040
acccctegtt tgggctgege cgcgctactg gaaatggtga ttccgcgaaa cgtgceccgat 2100
tcgectttet caacagggct caccgtgaca gaaccctcag cgacaagaac gatgccgtca 2160
atcttttege cgggcgagge tttcectgcag 2189

<210> SEQ ID NO 135
<211> LENGTH: 618

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: genomic

promoter)

<400> SEQUENCE: 135

cccagatetyg

tcegagagag

tcgecccaca

ctcegacget

ttcgatgtge

ctatggtgca

tgaattctga

tgccgaacta

ggaaaagtcg

agcagaacaa

agcetttgte

cegeageged

agageggage

cgccacttte

ggcaggctgg

caacccgaga

gcgaaccaac

actgattceg

gacaggggag

cgaacgctygyg

gcaacaccag

tcaagaag

<210> SEQ ID NO 136
<211> LENGTH: 58

<212> TYPE:

DNA

tggtgcacce

ggatgcatag

cacgceeget

tagcaactgg

gaatccagcce

tccegaageg

gaggagaacc

tgagcagaga

getgtgteac

cagcagcaag

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 136

DNA (T. aureum ATCC 34304 ubiquitin

geegggegtt
gaaatcggge
ctecteteegy
cagggacaac
agcagggcegy
geeggttety
ctctggaage
gtgaccctga
gegtcecactt

cgacctaage

gttggtgtgc

cacgcgggag

ccggcaggea

tegegegegg

ttggccteat

cgattececte

gnggtthC

c¢gceggagega

cgggcagtec

aacactagcc

tcettettgee

ggccatgegt

gegecataact

gtceeggteg

cgcecaccty

ttetgaatte

tctecagtte

getggttget

ccaaacgaca

aacatggcca

cttettgaga caaaggcettg gecatgttgg ctagtgttge ttaggteget tgetgetg

<210> SEQ ID NO 137
<211> LENGTH: 432

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Blasticidin resistance gene

<400> SEQUENCE: 137

(Blar)

60

120

180

240

300

360

420

480

540

600

618

58
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agcgacctaa gcaacactag ccaacatgge caagectttg tcetcaagaag aatccaccct
cattgaaaga gcaacggcta caatcaacag catccccatce tctgaagact acagegtege
cagcgcaget ctetetageg acggecgeat cttcactggt gtcaatgtat atcattttac
tgggggacct tgtgcagaac tegtggtget gggcactget getgetgegyg cagetggcaa
cctgacttgt atcegtegega teggaaatga gaacagggge atcttgagee cctgeggacg
gtgccgacag gtgctteteg atctgcatce tgggatcaaa gecatagtga aggacagtga

tggacagccg acggcagttg ggattegtga attgetgece tetggttatg tgtgggaggg

ctaagatctyg gg

<210> SEQ ID NO 138

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 138

agcgacctaa gcaacactag ccaacatgge caagectttg tctcaagaag aatce

<210> SEQ ID NO 139

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 139

cccagatett agecctecca cacataacca gagggcag

<210> SEQ ID NO 140

<211> LENGTH: 1000

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: fusion DNA (T. aureum ATCC 34304 ubiquitin
promoter/pTracer-CMV/Bsd/lacZ Blar)

<400> SEQUENCE: 140

cccagatetyg ccgcagegee tggtgcacce geegggegtt gttggtgtge tettettgece

tccgagagag agagcggage ggatgcatag gaaatcggge cacgegggag ggccatgegt

tcgecccaca cgecacttte cacgeceget ctetetecgg ceggcaggca gegeataact

ctcecgacget ggcaggetygg tagcaactgg cagggacaac tegegegegyg gteccggteg

ttcgatgtge caacccgaga gaatccagee agecagggegg ttggectecat cgcccaccetg

ctatggtgca gcgaaccaac tcccgaageg gececggttetg cgatteecte ttetgaatte

tgaattctga actgattccg gaggagaacce ctetggaage gegggttgee tctecagtte

tgccgaacta gacaggggag tgagcagaga gtgaccetga cgeggagega getggttget

ggaaaagtcg cgaacgctgg gcetgtgtcac gegtcecactt cgggcagtece ccaaacgaca

agcagaacaa gcaacaccag cagcagcaag cgacctaage aacactagcc aacatggeca

agcetttgte tcaagaagaa tccaccctca ttgaaagage aacggctaca atcaacagca

tccccatete tgaagactac agegtegeca gegcagetet ctetagegac ggcecgeatct

tcactggtgt caatgtatat cattttactg ggggaccttg tgcagaacte gtggtgetgg

gecactgctge tgctgeggca getggcaacce tgacttgtat cgtegegatce ggaaatgaga

60

120

180

240

300

360

420

432

54

38

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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acaggggcat cttgagecce tgeggacggt

ggatcaaagc catagtgaag gacagtgatg

tgctgeccte tggttatgtg tgggaggget

<210> SEQ ID NO 141
<211> LENGTH: 812

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: cDNA (T.

<400> SEQUENCE: 141

tcggtacceeg

ctgetgegag

ctcatgeggt

atcagacaca

gttgtgtget

acgcgggagy

cggcaggcag

c¢gegegeggy

tggccteate

gattcectet

cgggttgect

dcggagegag

gggcagacce

acactagcca

ttagaacgcg

cgggectega

cgtgeggece

cgaacgaaca

cttettgect

gccatgegtt

cgcataactce

tcceggtegt

geccacctge

tctgaattet

ctccagttet

ctggttgetyg

caaacgacaa

acatggtgag

<210> SEQ ID NO 142
<211> LENGTH: 29

<212> TYPE:

DNA

taatacgact

gagegtttge

tcggteacce

aaccgaggag

ccgagagaga

tgccccacac

tccgacgetyg

tcgatgtgec

tatggtgcag

gaattctgaa

gccgaactag

gaaaagtcge

gcagaacaag

caagggcgag

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 142

tcggtacceg ttagaacgeg taatacgac

<210> SEQ ID NO 143
<211> LENGTH: 41

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 143

gccgacaggt gcttetegat ctgcatcctg
gacagccgac ggcagttggg attcegtgaat

aagatctggg

900

960

1000

aureum ATCC 34304 ubiquitin promoter)

cactataggg agagtcgact gagcacaact

ttcgagcege ggagcaaggyg ggatggateg

ggtgggtect gcactgacge atctgttetg

cecgecagegee tggtgcacce geegggegtt

gageggageg gatgcatagg aaatcgggec

gecactttee acgcccgete tetetecgge

gecaggetggt agcaactgge agggacaact

aacccgagag aatccagcca gcagggeggt

cgaaccaact cccgaagcetyg ceggttetge

ctgattcegg aggagaaccce tctggaageg

acaggggagt gagcagagag tgaccctgac

gaacgetggg ctgtgtcacg cgtccactte

caacaccagce agcagcaagc gatctaagea

ga

tcctegecct tgctcaccat gttggetagt gttgettagg t

<210> SEQ ID NO 144
<211> LENGTH: 748

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Enhanced GFP gene

<400> SEQUENCE: 144

acctaagcaa cactagccaa catggtgage aagggcgagg agcetgttcac cggggtggtg

60

120

180

240

300

360

420

480

540

600

660

720

780

812

29

41

(Enhanced GFP DNA fragment)

60
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cccatcctgg tcgagetgga cggcegacgta aacggccaca agttcagegt gtceeggegag 120
ggcgagggceg atgccaccta cggcaagctg accctgaagt tcatctgcac caccggcaag 180
ctgcecegtge cctggeccac cctegtgacce accctgacct acggegtgca gtgcttcage 240
cgctaccceg accacatgaa gcagcacgac ttcttcaagt ccgeccatgec cgaaggctac 300
gtccaggage gcaccatctt cttcaaggac gacggcaact acaagacccg cgccgaggtg 360
aagttcgagg gcgacaccct ggtgaaccge atcgagctga agggcatcga cttcaaggag 420
gacggcaaca tcctggggca caagctggag tacaactaca acagccacaa cgtctatatc 480
atggccgaca agcagaagaa cggcatcaag gtgaacttca agatccgcca caacatcgag 540
gacggcagcg tgcagctege cgaccactac cagcagaaca cccccategg cgacggeccc 600
gtgctgectge ccgacaacca ctacctgagc acccagtccg ccctgagcaa agaccccaac 660
gagaagcgceg atcacatggt cctgetggag ttegtgaccg ccgcecgggat cactctegge 720
atggacgcca agttgaccag tgccgtte 748
<210> SEQ ID NO 145
<211> LENGTH: 41
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 145
acctaagcaa cactagccaa catggtgagc aagggcgagg a 41
<210> SEQ ID NO 146
<211> LENGTH: 58
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 146
gaacggcact ggtcaacttg gcgtccatgce cgagagtgat ccecggeggeg gtcacgaa 58
<210> SEQ ID NO 147
<211> LENGTH: 1519
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: fusion DNA (T. aureum ATCC 34304 ubiquitin

promoter/Enhanced GFP)
<400> SEQUENCE: 147
tcggtacceg ttagaacgcg taatacgact cactataggg agagtcgact gagcacaact 60
ctgctgcgag cgggectcga gagegtttge ttcecgagecege ggagcaaggg ggatggatcg 120
ctcatgeggt cgtgeggece teggtcacce ggtgggtcect gcactgacge atctgttetg 180
atcagacaca cgaacgaaca aaccgaggag ccgcagcgece tggtgcacce gccegggegtt 240
gttgtgtgct cttettgect cecgagagaga gagcggagceg gatgcatagg aaatcgggec 300
acgcgggagg gccatgegtt tgccccacac gccactttee acgeccegetce tcecteteegge 360
cggcaggcag cgcataactc tccgacgctg gcaggctggt agcaactggce agggacaact 420
cgegegeggg tcccggtegt tecgatgtgec aacccgagag aatccagcca gcagggeggt 480
tggcctcate gecccacctge tatggtgcag cgaaccaact cccgaagctg cecggttetge 540
gattccctet tctgaattct gaattctgaa ctgattcegg aggagaaccc tctggaageg 600
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cgggttgect ctccagttcect gecgaactag acaggggagt gagcagagag tgaccctgac 660
gcggagegag ctggttgetyg gaaaagtcgce gaacgctggg ctgtgtcacg cgtccacttce 720
gggcagaccce caaacgacaa gcagaacaag caacaccagc agcagcaagc gacctaagca 780
acactagcca acatggtgag caagggcgag gagctgttca ccggggtggt geccatcctg 840

gtcgagetgg acggegacgt aaacggccac aagttcageg tgtccggega gggegaggge 900

gatgccacct acggcaagcet gaccctgaag ttcatctgea ccaccggcaa getgecegtyg 960

ccetggecca cectegtgac caccctgace tacggcgtge agtgcttcag cegctaccce 1020

gaccacatga agcagcacga cttcttcaag tccgecatge ccgaaggcta cgtccaggag 1080

cgcaccatct tcecttcaagga cgacggcaac tacaagaccce gegecgaggt gaagttcegag 1140

ggcgacacce tggtgaaccg catcgagctyg aagggcatceg acttcaagga ggacggcaac 1200

atcctggggce acaagctgga gtacaactac aacagccaca acgtctatat catggccgac 1260

aagcagaaga acggcatcaa ggtgaactte aagatcegec acaacatcga ggacggcage 1320

gtgcagcteg ccgaccacta ccagcagaac acccccateg gegacggecce cgtgetgetg 1380

cccgacaacce actacctgag cacccagtcee geectgagea aagaccccaa cgagaagege 1440

gatcacatgg tcctgctgga gttegtgacce geccgeccggga tcactctegg catggacgece 1500

aagttgacca gtgccgtte 1519

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 148

LENGTH: 1319

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: fusion DNA (T. aureum ATCC 34304 ubiquitin
promoter/Enhanced GFP)

SEQUENCE: 148

cccagatetyg ccgcagegece tggtgeacce geegggegtt gttgtgtget cttettgect 60

ccgagagaga gagcggageg gatgcatagg aaategggec acgegggagg gcecatgegtt 120

tgccccacac gecactttee acgeccgete tceteteegge cggcaggeag cgcataacte 180
tcegacgetyg gecaggetggt agcaactgge agggacaact cgegegeggg tceceggtegt 240
tcgatgtgee aacccgagag aatccageca gcagggeggt tggectcate geccacctge 300
tatggtgcag cgaaccaact cccgaagetg ceggttetge gattcectet tcetgaattet 360
gaattctgaa ctgattccgg aggagaaccce tctggaageg cgggttgect ctecagttet 420

gecgaactag acaggggagt gagcagagag tgaccctgac geggagegag ctggttgetg 480

gaaaagtcge gaacgctggg ctgtgtcacyg cgtccactte gggcagaccce caaacgacaa 540

gcagaacaag caacaccagc agcagcaagc gacctaagca acactagcca acatggtgag 600

caagggcgag gagctgttea ceggggtggt geccatectg gtegagetgg acggegacgt 660

aaacggccac aagttcageg tgtccggega gggegaggge gatgccacct acggcaagcet 720
gaccctgaag ttcatctgeca ccaccggcaa gctgecegtg cectggecca cectegtgac 780
caccctgace tacggegtge agtgettecag ccgctaccee gaccacatga agcagcacga 840
cttettcaag tccgecatge ccgaaggeta cgtccaggag cgcaccatct tcettcaagga 900
cgacggcaac tacaagaccce gegecgaggt gaagttegag ggcgacacce tggtgaacceg 960

catcgagetyg aagggcatcg acttcaagga ggacggcaac atcetgggge acaagcetgga 1020

gtacaactac aacagccaca acgtctatat catggccgac aagcagaaga acggcatcaa 1080
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ggtgaacttc aagatccgec acaacatcga ggacggcagce gtgcageteg ccgaccacta 1140
ccagcagaac acccccatcg gecgacggecce cgtgetgetyg cecgacaacce actacctgag 1200
cacccagtee gccctgagca aagaccccaa cgagaagege gatcacatgg tcctgetgga 1260
gttegtgace gccgecggga tcactctegg catggacgec aagttgacca gtgeccgtte 1319
<210> SEQ ID NO 149

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: cDNA (Zeor)

<400> SEQUENCE: 149

cgeegecggyg atcactcteg geatggacge caagttgace agtgeegtte cggtgctcac 60
cgegegegac gtegecggag cggtegagtt ctggaccgac cggetegggt tcetceceggga 120
cttegtggag gacgactteg ceggtgtggt ccgggacgac gtgacectgt tcatcagege 180

ggtccaggac caggtggtge cggacaacac cctggectgg gtgtgggtge geggectgga 240

cgagctgtac geccgagtggt cggaggtegt gtecacgaac tteegggacg cctceegggece 300
ggccatgace gagatcggeg agcagecegtyg ggggcegggag ttegecctge gegaccegge 360

cggcaactge gtgcactteg tggecgagga gcaggactga gatctggg 408

<210> SEQ ID NO 150

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 150

cgecegeeggyg atcacteteg gecatggacge caagttgace agtgeegtte cggt 54

<210> SEQ ID NO 151

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 151

cccagatcete agtcctgete cteggecacy aagtgcac 38

<210> SEQ ID NO 152

<211> LENGTH: 1677

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: fusion DNA (T. aureum ATCC 34304 ubiquitin
promoter/Enhanced GFP/pcDNA3.1l Zeo (+) Zeor)

<400> SEQUENCE: 152

cccagatetyg ccgcagegece tggtgeacce geegggegtt gttgtgtget cttettgect 60

ccgagagaga gagcggageg gatgcatagg aaategggec acgegggagg gcecatgegtt 120

tgccccacac gecactttee acgeccgete tceteteegge cggcaggeag cgcataacte 180
tcegacgetyg gecaggetggt agcaactgge agggacaact cgegegeggg tceceggtegt 240
tcgatgtgee aacccgagag aatccageca gcagggeggt tggectcate geccacctge 300

tatggtgcag cgaaccaact cccgaagetg ceggttetge gattcectet tcetgaattet 360



US 9,062,315 B2
191 192

-continued

gaattctgaa ctgattccgg aggagaaccce tctggaageg cgggttgect ctecagttet 420
gecgaactag acaggggagt gagcagagag tgaccctgac geggagegag ctggttgetg 480
gaaaagtcge gaacgctggg ctgtgtcacyg cgtccactte gggcagaccce caaacgacaa 540
gcagaacaag caacaccagc agcagcaagc gacctaagca acactagcca acatggtgag 600

caagggcgag gagctgttea ceggggtggt geccatectg gtegagetgg acggegacgt 660

aaacggccac aagttcageg tgtccggega gggegaggge gatgccacct acggcaagcet 720
gaccctgaag ttcatctgeca ccaccggcaa gctgecegtg cectggecca cectegtgac 780
caccctgace tacggegtge agtgettecag ccgctaccee gaccacatga agcagcacga 840
cttettcaag tccgecatge ccgaaggeta cgtccaggag cgcaccatct tcettcaagga 900
cgacggcaac tacaagaccce gegecgaggt gaagttegag ggcgacacce tggtgaacceg 960

catcgagetyg aagggcatcg acttcaagga ggacggcaac atcctgggge acaagcetgga 1020
gtacaactac aacagccaca acgtctatat catggccgac aagcagaaga acggcatcaa 1080
ggtgaacttc aagatccgec acaacatcga ggacggcagce gtgcageteg ccgaccacta 1140
ccagcagaac acccccatcg gecgacggecce cgtgetgetyg cecgacaacce actacctgag 1200
cacccagtee gccctgagca aagaccccaa cgagaagege gatcacatgg tcctgetgga 1260
gttecgtgace gccgecggga tcactctegg catggacgec aagttgacca gtgeccgttece 1320
ggtgctcacc gcgegcgacg tcgecggage ggtcgagtte tggaccgacce ggctcegggtt 1380
ctccegggac ttegtggagg acgacttcecge cggtgtggte cgggacgacg tgaccctgtt 1440
catcagcgeg gtccaggace aggtggtgece ggacaacacce ctggectggyg tgtgggtgeg 1500
cggcctggac gagctgtacg ccgagtggtce ggaggtegtg tccacgaact tecgggacgce 1560
cteegggeceyg gecatgaccg agatcggega geagecegtgyg gggegggagt tegecctgeg 1620
cgacceggcece ggcaactgeg tgcacttegt ggccgaggag caggactgag atctggg 1677
<210> SEQ ID NO 153

<211> LENGTH: 2884

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: genomic DNA (T. aureum ATCC 34304 C20 elongase

upstream/C20 elongase/C20 elongase downstream)

<400> SEQUENCE: 153

cccgaattcea ctagtgattce tccegggtgg acctagegeyg tgtgtcacct gecggeccce 60
gttgcgtgca accgaattga tcgataatag aattacataa caaacaactt gctggatgag 120
tacaagacca gcgtagtgtg getgtgggac gttgaacgga gegggtcectyg tgatggegea 180
gaaaggaact ccgcccgagg tgaaacccceg atgcgcagga ctetgeggec acagecccte 240
cgccagtatt ccactaaaaa tccgcccect ttgacaaaga tcegcaacccee gtcccatcaa 300
ctectecacaa taggetttcee actggeggaa acgtcccegyg cacaggagtyg ccteccgegg 360
ttctgegeat acggctgacce actacgcage gegatatcct ccatccgegt atatatcegt 420
aaacaacgga acattctccc tctcaacgag gegtggtttt cgaagtcatg cctttettcee 480
ttectacttt ccttecttet ttetttettt ctttecttet tttgcaageg tgcgcgaact 540
tgaaggtact acttacactt gacagagaga gatagagacyg gcaattcgac caagtacttt 600
ccacgatttt tttttttttt gttttggtcg ctttegttgg tegtgcatga tggatggecg 660

ggatttttac aattggatgc gccaggctge cacgcatgee gtgacgettyg ctegeggega 720
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ctcatgatgc ttgccagtgg cagtgcatcc agctctteee tctgetegte gtgtactcac 780
tggcgatget cteggegcte gttcaaggge catcgatcga tcgatcgatc gatcgatcga 840
tcaatcacgt ttggtggact cggcagaccc cgaacgtgtt tctcccagga cgcegecgetg 900
tegctegeta atccacccga agecgcggteg getggcacgg tcegetcegget ggaagttgag 960

tagtttgctt tectgttgetg cgctgcetttg taaacgcgac catggcgacg cgcacctcega 1020
agagcgcetee ggceggtttcee aagtcggeca aggttgcecege gecggcgaayg aageggtcegg 1080
tcgacaggag cgacggttte ttceccgcacgt tcaacctgtg cgccctgtac gggtctgecce 1140
tcgectatge gtacaagcac ggcccecggtgg acaatgacgg ccaggggctg tactttcaca 1200
agtcgeccat gtacgcgtte gecgtgtcgg acgtcatgac cttceggcecgeg ccegctgatgt 1260
acgtgctegg tgtgatgcetg ctcagcaggt acatggcgga caaaaagccce ctgactggcet 1320
tcatcaagac ctacatccag cccgtctaca acgtggtceca aatcgeggtg tgcggctgga 1380
tggtgtgggg cctctggeeg caggtcgacce tggccaacgg caacccttte ggcctcaaca 1440
agtcgcgecga ctcgaacatc gagtttttceg tgttegtgca cctectgaca aagttteteg 1500
actggagcga cacgttcatg atgatcctca agaaaaacta cgcccaggtt agectttcetgce 1560
aggtgttcca ccacgcaacg atcggcatgg tgtggtegtt ccttecttcag cgtggetggg 1620
gctegggeac cgccgegtac ggtgctttca tcaactcggt cacgcacgtg atcatgtact 1680
cgcactactt tgccacctcecg ctcaacatca acaacccegtt caagcggtac atcacgagcet 1740
tccagetege ccagtttgca agectgcatcg tgcatgecect actggtgctt gecttcegagg 1800
aggtgtaccc gectcgagtac gcecttacctge agatcagcta ccacatcatc atgctctacce 1860
tgttcggacg ccgcatgaac tggagccccg agtggtgcac cggtgagatc gacggcecttg 1920
acgccccaag cgcccccacce aagtccgagt aaacctgttt ceggetgget cccgagecat 1980
gcttaccatg aatgaacctg caaacagtct gaggtceccttg tgcaaaccgc tcagtgggac 2040
gtcgacgaag aaagaaacaa tgtgtactcg tcttgcectctg ctecccgegece gttttttate 2100
gttgttgaga cctctecgege agttttggga atcaaccaaa acaagagccc ggcgtcagceg 2160
tttgcttege cecteggcectge actcecgctcecgg cacgcaggta taactgggtg agtaccaagce 2220
ccegeatttg tetgteccgeg atccgcegcac gctgegggte aggacgacat cgcgcetgcac 2280
gtcacagtgg gtcccttttg acgtggcetge ggcgatgagg aggcttgget cggcttceatg 2340
gcaaggcaac agactcgctt ccgggacgceg cacgacgage agegcetgett tgatcgacct 2400
tgcctgegte accgectegg ctgctttgat cgategttgt caccggccga gtgaccgega 2460
acgcattgee cgcacggetce ggctceggece ggaccggace ggctegectt ggceggegegyg 2520
cgegatggeg acccagacgce ggccggagece gegegceggag gacaaggceca tgttcatcett 2580
cgggeteggg tacgttggga gcaggctege caaccagetyg geggaacagyg ggtggegegt 2640
cgeggggteyg gtgagggage tcgggegega ggacgacttt gecgagtteyg aaaagtccaa 2700
gectgagegge aaggtgcagg tgttecgact cccgettgag ggcgaggaca acacgcccege 2760
tcgegegegg gagatactta gegggtacca gcacctgetg ttcacggcge cagtggaccg 2820
cgcccggaac tgtgaccect tettgggcga ccecegttete ggcceccggga taatcgaatt 2880

cggg 2884

<210> SEQ ID NO 154

<211> LENGTH: 50
<212> TYPE: DNA
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<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 154

cccgaattca ctagtgatte teecegggtgg acctagegeg tgtgtcaccet

<210> SEQ ID NO 155

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 155

cccgaatteg attatccegg ggccgagaac ggggtegecce

<210> SEQ ID NO 156

<211> LENGTH: 1939

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

50

40

<223> OTHER INFORMATION: fusion DNA (T. aureum ATCC 34304 C20 elongase

upstream/C20 elongase downstream)

<400> SEQUENCE: 156

cccgaattcea ctagtgattce tccegggtgg acctagegeyg tgtgtcacct gecggeccce
gttgcgtgca accgaattga tcgataatag aattacataa caaacaactt gctggatgag
tacaagacca gcgtagtgtg getgtgggac gttgaacgga gegggtcectyg tgatggegea
gaaaggaact ccgcccgagg tgaaacccceg atgcgcagga ctetgeggec acagecccte
cgccagtatt ccactaaaaa tccgcccect ttgacaaaga tcegcaacccee gtcccatcaa
ctectecacaa taggetttcee actggeggaa acgtcccegyg cacaggagtyg ccteccgegg
ttctgegeat acggctgacce actacgcage gegatatcct ccatccgegt atatatcegt
aaacaacgga acattctccc tctcaacgag gegtggtttt cgaagtcatg cctttettcee
ttectacttt ccttccttet ttetttettt cttteocttet tttgcaageg tgcgcgaact
tgaaggtact acttacactt gacagagaga gatagagacyg gcaattcgac caagtacttt
ccacgatttt tttttttttt gttttggteg ctttegttgyg tegtgcatga tggatggccyg
ggatttttac aattggatgc gccaggctge cacgcatgec gtgacgettg ctegeggega
ctcatgatge ttgccagtgg cagtgcatce agetcttece tetgetcegte gtgtactcac
tggcgatget cteggegete gttcaaggge catcgatcga tcegatcgatce gatcgatcga
tcaatcacgt ttggtggact cggcagaccce cgaacgtgtt tcteccagga cgcgecgetg
tegetegeta atccacccga agegeggteg getggcacgg tegetcegget ggaagttgag
tagtttgcett tctgttgetg cgctgetttyg taaacgcgac cagatctace tgtttccgge
tggcteccga gccatgetta ccatgaatga acctgcaaac agtctgaggt ccttgtgcaa
accgctcagt gggacgtcga cgaagaaaga aacaatgtgt actegtcttg ctetgetcce
gegeegtttt ttatcgttgt tgagacctcet cgcgcagttt tgggaatcaa ccaaaacaag
agcceggegt cagegtttge ttegcecteg getgcacteg cteggcacge aggtataact
gggtgagtac caagccccge atttgtetgt ccgegatceg cgcacgetge gggtcaggac
gacatcgege tgcacgtcac agtgggtcce ttttgacgtg getgceggega tgaggagget

tggctegget tcatggcaag gcaacagact cgetteeggg acgegcacga cgagcagege

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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tgctttgate gaccttgect gegtcacege cteggetget ttgategate gttgtcaceg

gecgagtgac cgcgaacgca ttgeccegcac ggcteggete ggeccggacce ggaccggete

gecttggegyg cgeggcegega tggegaccca gacgceggeog gagecgegeyg cggaggacaa

ggccatgtte atcttceggge tegggtacgt tgggagcagg ctegecaacce agetggegga

acaggggtgg CgCgthng ggtcggtgag ggagctcggg cgcgaggacg actttgccga

gttcgaaaag tccaagctga geggcaaggt gcaggtgtte cgactecege ttgagggega

ggacaacacg cccgcetegeg cgcegggagat acttageggg taccagcacce tgetgttcac

ggcgcecagtyg gaccgegecee ggaactgtga ccecttettg ggegaccceeyg tteteggece

cgggataatce gaatteggg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 157

LENGTH: 38

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 157

cccagatcta cctgttteeg getggetece gagecatg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 158

LENGTH: 38

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 158

cccagatetyg gtegegttta caaagcageg cagcaaca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 159

LENGTH: 31

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 159

ctececegggty gacctagege gtgtgtecace t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 160

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 160

atccegggge cgagaacgece ctegecc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 161
LENGTH: 3215

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: fusion DNA (T. aureum C20 elongase

upstream/ubiquitin promoter/Blar/SV40 terminator/T. aureum C20

elongase downstream)

SEQUENCE: 161

ctcecegggty gacctagege gtgtgtcace tgecggecee cgttgegtge aaccgaattg

1500

1560

1620

1680

1740

1800

1860

1920

1939

38

38

31

27

60
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atcgataata gaattacata acaaacaact tgctggatga gtacaagacc agcgtagtgt 120
ggctgtggga cgttgaacgg agcgggtect gtgatggege agaaaggaac tccgeccgag 180
gtgaaaccce gatgcgcagg actctgegge cacageccct cegecagtat tcecactaaaa 240
atccgecccee tttgacaaag atcgcaacce cgtcccatca actcectcaca ataggettte 300
cactggcgga aacgtcccceg gecacaggagt gectccecegeg gttetgegea tgcggetgac 360
cactacgcag cgcgatatcc tccatcegeg tatatatceg taaacaacgg aacattctce 420
ctctcaacga ggcgtggttt tcgaagtcat gcctttette cttectactt tecttectte 480
tttctttett tetttectte ttttgcaage gtgcgcgaac ttgaaggtac tacttacact 540
tgacagagag agatagagac ggcaattcga ccaagtactt tccacgattt tttttttttt 600
tgttttggtc getttegttyg gtegtgcatg atggatggcce gggattttta caattggatg 660
cgecaggetyg ccacgcatge cgtgacgett getegeggeg actcatgatg cttgecagtg 720
gcagtgcate cagctettee ctcetgetegt cgtgtactca ctggcgatge tceteggeget 780
cgttcaaggg ccatcgatcg atcgatcgat cgatcgateg atcaatcacyg tttggtggac 840
tecggecagace ccgaacgtgt ttctceccagg acgegcecget gtegetceget aatccacccg 900
aagcgeggte ggctggcacg gtegetegge tggaagttga gtagtttget ttetgttget 960
gcgetgettt gtaaacgcga ccagatctgg atctgeccgca gegectggtg cacccgecgyg 1020
gcgttgttgt gtgectecttcet tgectceccgag agagagagceg gagcggatgce ataggaaatce 1080
gggccacgceg ggagggccat gcgttcecgecce cacacgccac tttceccacgec cgctetetet 1140
ceggecggea ggcagegeat aactctecga cgetggcagg ctggtagcaa ctggcaggga 1200
caactecgege gegggteccg gtegttegat gtgecaacce gagagaatcce agccagcagg 1260
gcggttggece tcatcgecca cctgctatgg tgcagcgaac caactcccga ageggcceggt 1320
tctgcgatte cctcettcectga attctgaatt ctgaactgat tccggaggag aaccctcetgg 1380
aagcgcegggt tgcctcteca gttcectgecga actagacagg ggagtgagca gagagtgacce 1440
ctgacgcgga gcgagctggt tgctggaaaa gtcegcgaacg ctgggctgtg tcacgcegtcece 1500
acttcgggca gtccccaaac gacaagcaga acaagcaaca ccagcagcag caagcgacct 1560
aagcaacact agccaacatg gccaagcctt tgtctcaaga agaatccacc ctcattgaaa 1620
gagcaacggce tacaatcaac agcatcccca tctcetgaaga ctacagegtce gecagcgeag 1680
ctctectetag cgacggcege atcttcactg gtgtcaatgt atatcatttt actgggggac 1740
cttgtgcaga actcgtggtg ctgggcactg ctgctgctge ggcagctggce aacctgactt 1800
gtatcgtege gatcggaaat gagaacaggg gcatcttgag cccctgcgga cggtgccgac 1860
aggtgcttct cgatctgcat cctgggatca aagccatagt gaaggacagt gatggacagc 1920
cgacggcagt tgggattcgt gaattgctge cctetggtta tgtgtgggag ggctaagatc 1980
cgcgaaatga ccgaccaagc gacgcccaac ctgcecatcac gagatttega ttccaccgece 2040
gccttcectatg aaaggttggg ctteggaatce gttttecggg acgccggetg gatgatcecte 2100
cagcgcegggg atctcatget ggagttectte gcccaccceca acttgtttat tgcagcettat 2160
aatggttaca aataaagcaa tagcatcaca aatttcacaa ataaagcatt tttttcactg 2220
cattctagtt gtggtttgtc caaactcatc aatgtatctt atcatgtctg tataccgtcg 2280
acctctaget agatctacct gtttcecceggcet ggctcecccecgag ccatgecttac catgaatgaa 2340
cctgcaaaca gtctgaggtce cttgtgcaaa ccgctcagtg ggacgtcgac gaagaaagaa 2400
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acaatgtgta ctcgtcttge tectgctecccg cgeegttttt tatcgttgtt gagacctcecte 2460

gcgcagtttt gggaatcaac caaaacaaga gcccggcgte agegtttget tcgecctegg 2520

ctgcactcge tecggcacgca ggtataactg ggtgagtacc aagccccgca tttgtcetgte 2580

cgcgatcege gcacgetgeg ggtcaggacg acategeget gecacgtcaca gtgggtceect 2640

tttgacgtgg ctgcggcgat gaggaggctt ggctcggcett catggcaagg caacagactce 2700

gcttecggga cgcgcacgac gagcagcegcet getttgateg accttgectg cgtcaccgece 2760

tcggetgett tgatcgatceg ttgtcaccgg ccgagtgacce gcgaacgcat tgcccgcacg 2820

geteggeteg geccggaceg gaccggeteg ccttggegge geggegegat ggegacccag 2880

acgcggecgg agccgcgege ggaggacaag gccatgttca tectteggget cgggtacgtt 2940

gggagcagge tcgccaacca gcetggeggaa caggggtgge gegtegeggyg gteggtgagg 3000

gagcteggge gegaggacga ctttgccgag ttcgaaaagt ccaagctgag cggcaaggtyg 3060

caggtgttce aactcceget tgagggegag gacaacacge cegetegege gegggagata 3120

cttagcgggt accagcacct gcectgttcacg gcgccagtgg accgcgccceg gaactgtgac 3180

ccettettgg gegacceegt teteggecce gggat 3215

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 162

LENGTH: 3887

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: fusion DNA (T. aureum C20 elongase
upstream/ubiquitin promoter/Enhanced GFP/Zeor/SV40 terminator/T.
aureum C20 elongase downstream)

<400> SEQUENCE: 162
ctcecegggty gacctagege gtgtgtcace tgecggecee cgttgegtge aaccgaattg 60
atcgataata gaattacata acaaacaact tgctggatga gtacaagacc agegtagtgt 120

ggctgtggga cgttgaacgg agcgggtect gtgatggege agaaaggaac tcegeccgag 180

gtgaaaccce gatgcgcagg actctgegge cacageccct cegecagtat tcecactaaaa 240
atccgecccee tttgacaaag atcgcaacce cgtcccatca actcectcaca ataggettte 300
cactggcgga aacgtcccceg gcacaggagt gectcccegeg gttetgegea tacggetgac 360
cactacgcag cgcgatatcc tccatcegeg tatatatceg taaacaacgg aacattctce 420
ctctcaacga ggcgtggttt tcgaagtcat gcctttette cttectactt tecttectte 480
tttctttett tetttectte ttttgcaage gtgcgcgaac ttgaaggtac tacttacact 540
tgacagagag agatagagac ggcaattcga ccaagtactt tccacgattt tttttttttt 600
tgttttggtc getttegttyg gtegtgcatg atggatggcce gggattttta caattggatg 660
cgecaggetyg ccacgcatge cgtgacgett getegeggeg actcatgatg cttgecagtg 720
gcagtgcate cagctettee ctcetgetegt cgtgtactca ctggcgatge tceteggeget 780
cgttcaaggg ccatcgatcg atcgatcgat cgatcgateg atcaatcacyg tttggtggac 840
tecggecagace ccgaacgtgt ttctceccagg acgegcecget gtegetceget aatccacccg 900
aagcgeggte ggctggcacg gtegetegge tggaagttga gtagtttget ttetgttget 960

gcgetgettt gtaaacgcga ccagatctge cgcagecgcect ggtgcacccg ccgggcegttyg 1020

ttgtgtgctce ttcttgccte cgagagagag agcggagcegg atgcatagga aatcgggceca 1080

cgecgggaggg ccatgegttt gecccacacg ccacttteca cgccecgcectet ctetecggece 1140

ggcaggcage gcataactcet ccgacgetgg caggctggta gcaactggca gggacaactce 1200
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gegegegggt ceeggtegtt cgatgtgcca acccgagaga atccagcecag cagggceggtt 1260
ggcctcateg cccacctget atggtgcage gaaccaactce ccgaagctgce cggttctgeg 1320
attccctett ctgaattcetg aattctgaac tgattccgga ggagaaccct ctggaagegce 1380
gggttgccecte tceccagttcectg ccgaactaga caggggagtyg agcagagagt gaccctgacyg 1440
cggagcgagce tggttgctgg aaaagtcgcg aacgctgggce tgtgtcacge gtccactteg 1500
ggcagaccee aaacgacaag cagaacaagc aacaccagca gcagcaagceg atctaagcaa 1560
cactagccaa catggtgagc aagggcgagg agctgttcac cggggtggtg cccatcctgg 1620
tcgagetgga cggcgacgta aacggccaca agttcagegt gtecggcgayg ggcgagggceyg 1680
atgccaccta cggcaagctg accctgaagt tcatctgcac caccggcaag ctgcccgtgce 1740
cctggeccac cctegtgace accctgacct acggcgtgca gtgcttcage cgctacccecg 1800
accacatgaa gcagcacgac ttcttcaagt cegecatgece cgaaggctac gtccaggage 1860
gcaccatctt cttcaaggac gacggcaact acaagacccg cgccgaggtg aagttcgagg 1920
gegacaccct ggtgaaccge atcgagctga agggcatcga cttcaaggag gacggcaaca 1980
tcetggggca caagctggag tacaactaca acagccacaa cgtctatatce atggcecgaca 2040
agcagaagaa cggcatcaag gtgaacttca agatccgeca caacatcgag gacggcagceg 2100
tgcagctege cgaccactac cagcagaaca cccccategg cgacggceccee gtgetgetge 2160
ccgacaacca ctacctgage acccagtcceg cectgagcaa agaccccaac gagaagcgceg 2220
atcacatggt cctgctggag ttcgtgaccg ccgeccgggat cactctcgge atggacgceca 2280
agttgaccag tgccgtteeg gtgctcaccg cgecgcgacgt cgccggageg gtcgagttcet 2340
ggaccgaccg gctegggtte tceccgggact tegtggagga cgacttecgece ggtgtggtece 2400
gggacgacgt gaccctgtte atcagegegg tcecaggacca ggtggtgecg gacaacaccce 2460
tggcectgggt gtgggtgege ggcctggacg agcetgtacge cgagtggteg gaggtcegtgt 2520
ccacgaactt ccgggacgcce tcecgggecgg ccatgaccga gatcggcegag cagecgtggg 2580
ggcgggagtt cgcectgege gacceggecg gcaactgegt geacttegtg gecgaggage 2640
aggactgaga tccgcgaaat gaccgaccaa gcgacgccca acctgccatce acgagattte 2700
gattccaccg ccgecttcecta tgaaaggttg ggcttecggaa tegtttteccg ggacgcceggce 2760
tggatgatcc tccagcgegg ggatctcatg ctggagttet tecgcccacce caacttgttt 2820
attgcagctt ataatggtta caaataaagc aatagcatca caaatttcac aaataaagca 2880
tttttttcac tgcattctag ttgtggtttg tccaaactca tcaatgtatc ttatcatgtce 2940
tgtataccgt cgacctctag ctagatctac ctgtttcecegg ctggctcceg ageccatgett 3000
accatgaatg aacctgcaaa cagtctgagg tccttgtgca aaccgctcag tgggacgtcg 3060
acgaagaaag aaacaatgtg tactcgtctt gctcectgetcece cgcecgececgttt tttatcegttg 3120
ttgagacctc tcgcgcagtt ttgggaatca accaaaacaa gagcccggceg tcagegtttg 3180
cttecgeecte ggctgcacte getcecggcacg caggtataac tgggtgagta ccaagccccg 3240
catttgtctg tccgcgatcee gegcacgctg cgggtcagga cgacatcgeg ctgcacgtca 3300
cagtgggtcce cttttgacgt ggctgcggcg atgaggaggce ttggctcgge ttcatggcaa 3360
ggcaacagac tcgcttccgg gacgcgcacg acgagcageg ctgctttgat cgaccttgece 3420
tgcgtcaccg ccteggcectge tttgatcgat cgttgtcacce ggccgagtga ccgcgaacgce 3480
attgcccgea cggcetegget cggcceggac cggaccgget cgecttggeyg gegeggegeg 3540
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atggcgacce agacgeggece ggagecgege

ctegggtacy ttgggagecag gctcgecaac
gggtcggtga gggagctcgg gcgcgaggac
agcggcaagyg tgcaggtgtt ccgacteceg
gegegggaga tacttagegg gtaccagcac

cggaactgtyg accccttett gggegaccece

<210> SEQ ID NO 163

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 163

acgtcegett caaacaccte g

<210> SEQ ID NO 164

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 164

tcggaacaac tggaacaact aaag

<210> SEQ ID NO 165

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 165

atgtcgetet ccttettete ag

<210> SEQ ID NO 166

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 166

tcggetecty gaaagtgete t

<210> SEQ ID NO 167

<211> LENGTH: 812

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

gecggaggaca aggccatgtt catctteggg

cagctggcgg aacaggggtg gCgCgthCg

gactttgccg agttcgaaaa gtccaagetg

cttgagggceg aggacaacac gcccgetege

ctgctgtteca cggegecagt ggaccgegec

gtteteggee cegggat

<223> OTHER INFORMATION: ubiquitin promoter

<400> SEQUENCE: 167

tcggtacceg ttagaacgeg taatacgact

ctgetgegag cgggectega gagegtttge

ctcatgeggt cgtgeggece teggtcacce

atcagacaca cgaacgaaca aaccgaggag

gttgtgtget cttettgect cegagagaga

cactataggg agagtcgact gagcacaact

ttcgagcege ggagcaaggyg ggatggateg

ggtgggtect gcactgacge atctgttetg

cecgecagegee tggtgcacce geegggegtt

gageggageg gatgcatagg aaatcgggec

3600

3660

3720

3780

3840

3887

21

24

22

21

60

120

180

240

300
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acgcgggagg gccatgegtt cgccccacac gecactttece acgeccgete tctceteegge 360
cggcaggcag cgcataactc tccgacgetg gecaggctggt agcaactgge agggacaact 420
cgegegeggg teceggtegt tcgatgtgec aacccgagag aatccagceca gcagggeggt 480
tggcctcate gcccacctge tatggtgcag cgaaccaact cccgaagegyg cceggttetge 540
gattccctet tetgaattcet gaattctgaa ctgattecegg aggagaaccce tctggaageg 600
cgggttgect ctccagttcet gecgaactag acaggggagt gagcagagag tgaccctgac 660
gecggagegayg ctggttgcetyg gaaaagtcege gaacgetggg ctgtgtcacyg cgtcecactte 720
gggcagacce caaacgacaa gcagaacaag caacaccagc agcagcaagc gacctaagca 780
acactagcca acatgactga ggataagacg aa 812
<210> SEQ ID NO 168
<211> LENGTH: 29
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 168
tcggtacceg ttagaacgceg taatacgac 29
<210> SEQ ID NO 169
<211> LENGTH: 45
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 169
ttegtettat cctcagtcat gttggctagt gttgcttagg teget 45
<210> SEQ ID NO 170
<211> LENGTH: 1116
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: cDNA (Saprolegnia diclina omega3 desaturase)
<400> SEQUENCE: 170
cctaagcaac actagccaac atgactgagg ataagacgaa ggtcgagttce ccgacgcetca 60
cggagetcaa gcactcgatce ccgaacgegt getttgagte gaacctcegge ctcetegetcet 120
actacacggce ccgegegatce ttcaacgegt cggectegge ggegetgete tacgeggege 180
gctegacgee gttcattgee gataacgttce tgctccacge getegtttge gecacctaca 240
tctacgtgca gggegtcate ttetgggget tettcacggt cggecacgac tgcggecact 300
cggecttete gegetaccac agcgtcaact ttatcategg ctgcatcatg cactctgcga 360
ttttgacgce gttecgagage tggcgegtga cgcaccgeca ccaccacaag aacacgggca 420
acattgataa ggacgagatc ttttaccecge accggteggt caaggaccte caggacgtge 480
gccaatgggt ctacacgcte ggeggtgegt ggtttgtceta cttgaaggtce gggtatgecce 540
cgegeacgat gagccacttt gaccegtggg acccgctect ccettegeege gegteggecyg 600
tcategtgte gecteggegte tgggcegect tettegecge gtacgcegtac ctcacatact 660
cgeteggett tgcegtcatg ggectctact actatgegece getetttgte tttgettegt 720
tcctegteat tacgacctte ttgcaccaca acgacgaage gacgccgtgyg tacggcgact 780
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cggagtggac

tggacaacct

cgcactacaa

gcaagaacga

acggegetgt

aggccaagtce

gtacgtcaag

gagccaccac

gctcaacgaa

cgagcccate

gecegagacy

ggactaaact

<210> SEQ ID NO 171
<211> LENGTH: 43

<212> TYPE:

DNA

ggcaacctet

attggcacge

gccaccaage

atctecggect

gegeagatcet

aagctatctg

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 171

cgagegtega ccgetegtac

accaggtcca ccacttgtte

actttgcgge cgcegtaccceg

tcttcaagac cgcgcaccte

tcacgctcaa agagtcggec

tagtat

cctaagcaac actagccaac atgactgagg ataagacgaa ggt

<210> SEQ ID NO 172
<211> LENGTH: 40

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 172

atactacaga tagcttagtt ttagtccgac ttggecttgg

<210> SEQ ID NO 173
<211> LENGTH: 614

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: ubiquitin terminator

<400> SEQUENCE: 173

ccaaggccaa

geecctgtacy

cgcgggccag

gataacgctce

atcageggte

cgcccaacte

gegtgacgte

ggcggacgcc

gagcgggegt

geggggceegt

cgcggtggta

gtcggactaa

tacctaccta

cctaccacgt

tgcccaggge

atcatcgece

aactcactta

actctgecte

aacaaagcgc

cttcaagage

tgagcegegt

ccga

<210> SEQ ID NO 174
<211> LENGTH: 44

<212> TYPE:

DNA

actaagctat

tatctgattg

tgcecgeegec

ttcctggega

tcatcagege

ctcacactat

caacatcgeg

caaccagcge

cgcecgtggag

ggtaggaaca

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 174

ctgtagtatyg tgctatactce

agcgtgcetge gtcgaccata

ggtatccacyg ggcacgccaa

ggaccegagg ccaacatgca

gecatcggega gcetegegeac

ggtettgecyg ttggeggttyg

aggcagagtc gcgagcagtyg

aacgcaccag cgggtctgtyg

ccgacgecce tgcgaaggge

actgcagtct ccctatagtyg

ccaaggccaa gtceggactaa aactaagcta tctgtagtat gtge

ggcgegtteg
ccgatcatte
cacctegtge

tttgtcaact

geggecgeca

gaatcatgct

gacgcgggaa

agcattggtce

tgcatgtget

gaacggcaag

cttagctaat

cagaggccac

ggcgtagete

tcgagtgceaa

agtcgtatta

840

900

960

1020

1080

1116

43

40

60

120

180

240

300

360

420

480

540

600

614

44
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<210> SEQ ID NO 175

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 175

tcggtaccac cgcegtaatac gactcactat agggagactg cagtt

<210> SEQ ID NO 176

<211> LENGTH: 2463

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: fusion DNA (T. aureum ATCC 34304 ubiquitin
promoter/Saprolegnia diclina omega3 desaturase/T. aureum
ATCC 34304 ubiquitin terminator)

<400> SEQUENCE: 176

tcggtacceg ttagaacgeg taatacgact cactataggg agagtegact gagcacaact

ctgectgegag cgggectega gagegtttge ttegagecge ggagcaaggg ggatggatceg

ctcatgeggt cgtgeggece teggtcacce ggtgggtect geactgacge atctgttetg

atcagacaca cgaacgaaca aaccgaggag ccgcagegece tggtgcacce geegggegtt

gttgtgtgcet cttettgect cecgagagaga gagceggageg gatgcatagyg aaatcgggec

acgcgggagyg gccatgegtt cgecccacac gecactttece acgecegete tcetceteegge

cggcaggcag cgcataacte tecgacgetg gecaggetggt agcaactgge agggacaact

cgegegeggyg teceggtegt tegatgtgee aacccgagag aatccageca gcagggeggt

tggcctcate geccacctge tatggtgecag cgaaccaact cecgaagegg cceggttetge

gattccctet tctgaattet gaattctgaa ctgattccegg aggagaaccce tctggaageg

cgggttgect ctecagttet gecgaactag acaggggagt gagcagagag tgaccctgac

geggagegag ctggttgetg gaaaagtcege gaacgctggg ctgtgtcacyg cgtecactte

gggcagacce caaacgacaa gcagaacaag caacaccagce agcagcaagc gacctaagea

acactagcca acatgactga ggataagacg aaggtcgagt tecegacget cacggagcete

aagcactcga tcccgaacge gtgetttgag tegaaccteg gectcteget ctactacacg

gecegegega tettcaacge gteggecteg geggegetge tctacgegge gegetegacyg

cegtteattg ccgataacgt tetgetecac gegetegttt gegecaccta catctacgtg

cagggcgtca tecttetgggg cttettecacyg gteggecacg actgeggeca cteggectte

tcgegetace acagegtcaa ctttatcate ggetgecatca tgcactctge gattttgacg

cegttegaga getggegegt gacgcaccge caccaccaca agaacacggg caacattgat

aaggacgaga tcttttacce geaccggteg gtcaaggace tccaggacgt gegccaatgg

gtctacacge tcggeggtge gtggtttgte tacttgaagg tegggtatge ccegegeacy

atgagccact ttgaccegtg ggaccegete ctecttegee gegegtegge cgtcategtg

tegeteggeg tetgggecge cttettegee gegtacgegt acctcacata ctegetegge

tttgcegtca tgggecteta ctactatgeg cegetetttg tetttgette gttectegte

attacgacct tcttgcacca caacgacgaa gcgacgecgt ggtacggega cteggagtgg

acgtacgtca agggcaacct ctecgagegte gaccgetegt acggegegtt cgtggacaac

45

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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ctgagccacc acattggcac gcaccaggtc caccacttgt tcccgatcat tceccgcactac 1680
aagctcaacg aagccaccaa gcactttgeg gecgegtace cgcacctegt gcgcaagaac 1740
gacgagccca tcatctcgge cttettcaag accgcgcacce tcetttgtcaa ctacggeget 1800
gtgcccgaga cggegcagat cttcacgetce aaagagtcegg cegeggecge caaggccaag 1860
tcggactaaa ctaagctatc tgtagtatgt gctatactcg aatcatgctg ccctgtacgt 1920
acctacctat atctgattga gcgtgctgcg tcgaccatag acgcgggaac gcegggccagce 1980
ctaccacgtt gccgeccgecg gtatccacgg gcacgccaaa gcattggteg ataacgctcet 2040
gcccagggcet tectggcgag gacccgaggce caacatgcat gcatgtgeta tcagecggtca 2100
tcatecgecct catcagegeg catcggegag ctegegcacyg aacggcaagce gcccaactca 2160
actcacttac tcacactatg gtcttgccgt tggeggttge ttagctaatg cgtgacgtca 2220
ctetgectee aacatcgecga ggcagagtceg cgagcagtge agaggccacyg gcggacgcca 2280
acaaagcgcece aaccagcgca acgcaccagce gggtetgtgg gegtageteg agegggegte 2340
ttcaagagce gccgtggage cgacgceccct gegaagggcet cgagtgcaag cggggecgtt 2400
gagccgcegtyg gtaggaacaa ctgcagtcectce cctatagtga gtegtattac gcggtggtac 2460
cga 2463
<210> SEQ ID NO 177
<211> LENGTH: 36
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 177
cceggtaceg ccgcagegee tggtgcaccee gecggg 36
<210> SEQ ID NO 178
<211> LENGTH: 3777
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: fusion DNA (ubiquitin promoter/omega 3
desaturase/ubiquitin terminator/ubiquitin promoter/Blar/SV40
terminator)
<400> SEQUENCE: 178
tecggtacceg ttagaacgceg taatacgact cactataggg agagtcgact gagcacaact 60
ctgctgegag cgggectega gagegtttge ttegagecge ggagcaaggyg ggatggatcg 120
ctecatgeggt cgtgeggece tcggtcacce ggtgggtect gcactgacge atctgttetg 180
atcagacaca cgaacgaaca aaccgaggag ccgcagcgece tggtgcacce gccgggegtt 240
gttgtgtget cttecttgect ccgagagaga gagcggagceyg gatgcatagg aaatcgggec 300
acgcgggagg gccatgegtt cgccccacac gecactttece acgeccgete tctceteegge 360
cggcaggcag cgcataactc tccgacgetg gecaggctggt agcaactgge agggacaact 420
cgegegeggg teceggtegt tcgatgtgec aacccgagag aatccagceca gcagggeggt 480
tggcctcate gcccacctge tatggtgcag cgaaccaact cccgaagegyg cceggttetge 540
gattccctet tetgaattcet gaattctgaa ctgattecegg aggagaaccce tctggaageg 600
cgggttgect ctccagttcet gecgaactag acaggggagt gagcagagag tgaccctgac 660
gecggagegayg ctggttgcetyg gaaaagtcege gaacgetggg ctgtgtcacyg cgtcecactte 720
gggcagacce caaacgacaa gcagaacaag caacaccagc agcagcaagc gacctaagca 780
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acactagcca acatgactga ggataagacg aaggtcgagt tcccgacgct cacggagcetce 840
aagcactcga tcccgaacgce gtgctttgag tcgaaccteg gectcteget ctactacacg 900
gccegegega tcttcaacge gteggecteg geggegcetge tctacgegge gegctegacg 960

ccgttcattg ccgataacgt tetgcteccac gecgetegttt gegcecaccta catctacgtg 1020
cagggcgtca tcttetgggg cttecttcacg gteggccacg actgcggcca cteggcectte 1080
tcgecgectace acagcgtcaa ctttatcatce ggctgcatca tgcactctge gattttgacg 1140
cegttegaga gcetggegegt gacgcaccge caccaccaca agaacacggyg caacattgat 1200
aaggacgaga tcttttaccc gcaccggtcg gtcaaggacce tccaggacgt gegccaatgg 1260
gtctacacge tcggecggtge gtggtttgte tacttgaagg tcegggtatgce cccgcecgcacy 1320
atgagccact ttgacccgtg ggacccgcte ctecttegece gegegtcecgge cgtcatcegtg 1380
tcgeteggeg tetgggceege cttettegee gegtacgegt acctcacata ctegeteggce 1440
tttgcecgtca tgggcctceta ctactatgcg ccgectcetttg tetttgette gttectegte 1500
attacgacct tcttgcacca caacgacgaa gcgacgccegt ggtacggcga ctcggagtgg 1560
acgtacgtca agggcaacct ctcgagegtce gaccgctegt acggcgegtt cgtggacaac 1620
ctgagccacc acattggcac gcaccaggtc caccacttgt tcccgatcat tceccgcactac 1680
aagctcaacg aagccaccaa gcactttgeg gecgegtace cgcacctegt gcgcaagaac 1740
gacgagccca tcatctcgge cttettcaag accgcgcacce tcetttgtcaa ctacggeget 1800
gtgcccgaga cggegcagat cttcacgetce aaagagtcegg cegeggecge caaggccaag 1860
tcggactaaa ctaagctatc tgtagtatgt gctatactcg aatcatgctg ccctgtacgt 1920
acctacctat atctgattga gcgtgctgcg tcgaccatag acgcgggaac gcegggccagce 1980
ctaccacgtt gccgeccgecg gtatccacgg gcacgccaaa gcattggteg ataacgctcet 2040
gcccagggcet tectggcgag gacccgaggce caacatgcat gcatgtgeta tcagecggtca 2100
tcatecgecct catcagegeg catcggegag ctegegcacyg aacggcaagce gcccaactca 2160
actcacttac tcacactatg gtcttgccgt tggeggttge ttagctaatg cgtgacgtca 2220
ctetgectee aacatcgecga ggcagagtceg cgagcagtge agaggccacyg gcggacgcca 2280
acaaagcgcece aaccagcgca acgcaccagce gggtetgtgg gegtageteg agegggegte 2340
ttcaagagce gccgtggage cgacgceccct gegaagggcet cgagtgcaag cggggecgtt 2400
gagccgcegtyg gtaggaacaa ctgcagtcectce cctatagtga gtegtattac gcggtggtac 2460
cgeccgcecageg cctggtgcac ccgcecgggceg ttgttgtgtg ctettettge ctecgagaga 2520
gagagcggayg cggatgcata ggaaatcggg ccacgeggga gggccatgeg ttegecccac 2580
acgccacttt ccacgccege tetcectcetecg gececggcagge agcgcataac tcetceccgacgce 2640
tggcaggctg gtagcaactyg gcagggacaa ctcgcgegeg ggtcceggte gttecgatgtg 2700
ccaacccgag agaatccagce cagcagggeg gttggectea tegeccacct gctatggtge 2760
agcgaaccaa ctcccgaage ggccggttcet gcgattcect cttcetgaatt ctgaattcetg 2820
aactgattcc ggaggagaac cctctggaag cgegggttge ctctceccagtt ctgeccgaact 2880
agacagggga gtgagcagag agtgaccctg acgcggageyg agetggttge tggaaaagte 2940
gcgaacgcetyg ggetgtgtca cgegtcecact tegggcagte ccecaaacgac aagcagaaca 3000
agcaacacca gcagcagcaa gcgacctaag caacactage caacatggec aagectttgt 3060

ctcaagaaga atccaccctce attgaaagag caacggctac aatcaacagc atccccatct 3120
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ctgaagacta cagcgtcgcc agcgcagctce tctcectagega cggccgcatce ttcactggtg 3180
tcaatgtata tcattttact gggggacctt gtgcagaact cgtggtgctg ggcactgctg 3240
ctgctgegge agctggcaac ctgacttgta tcgtcgcecgat cggaaatgag aacaggggca 3300
tcttgagece ctgcggacgg tgccgacagg tgcttctega tectgcatcet gggatcaaag 3360
ccatagtgaa ggacagtgat ggacagccga cggcagttgg gattcgtgaa ttgctgccect 3420
ctggttatgt gtgggagggc taagatccgce gaaatgaccg accaagcgac gcccaacctg 3480
ccatcacgag atttcgattc caccgccgce ttctatgaaa ggttgggctt cggaatcgtt 3540
tteccgggacg ccggctggat gatccteccag cgecggggatce tcatgectgga gttettegece 3600
caccccaact tgtttattge agcttataat ggttacaaat aaagcaatag catcacaaat 3660
ttcacaaata aagcattttt ttcactgcat tctagttgtg gtttgtccaa actcatcaat 3720

gtatcttatc atgtctgtat accgtcgacc tctagctaga tcectcacatta attgegt 3777

<210> SEQ ID NO 179

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: n is inosine.
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: n is inosine.

<400> SEQUENCE: 179

athgartwyt kbrtnttygt nca 23

<210> SEQ ID NO 180

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: n is inosine.
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: n is inosine.
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: n is inosine.

<400> SEQUENCE: 180

tartrnswrt acatnadnam rtg 23

<210> SEQ ID NO 181

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 181

ctgacaaagt ttctcgactg gagcgaca 28
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<210> SEQ ID NO 182
<211> LENGTH: 24

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 182

tacgcggegyg tgcccgagee ccag

<210> SEQ ID NO 183
<211> LENGTH: 28

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 183

tgccgategt tgegtggtgg aacacctg

<210> SEQ ID NO 184
<211> LENGTH: 20

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 184

atggcgacge

gcacctcgaa

<210> SEQ ID NO 185
<211> LENGTH: 22

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 185

ttactecggac ttggtggggg cg

<210> SEQ ID NO 186
<211> LENGTH: 951

<212> TYPE:

DNA

<213> ORGANISM: Thraustochytrium
<220> FEATURE:
<223> OTHER INFORMATION: genomic

<400> SEQUENCE: 186

atggcgacge

ceggegaaga

geecctgtacy

caggggctgt

tteggegege

aaaaagcccc

atcgeggtgt

aacccttteg

ctcectgacaa

geccaggtta

cttetteage

gcacctcgaa

agcggtegge

ggtetgeect

actttcacaa

cgctgatgta

tgactggett

geggetggat

gectcaacaa

agtttctega

getttetgea

gtggetgggy

gagegcetecyg

cgacaggagce

cgectatgeg

gtcegeccaty

cgtgcteggt

catcaagacc

ggtgtgggge

gtcegegegac

ctggagcgac

ggtgttccac

ctegggeace

aureum

C20 elongase

geggttteca agtcggcecaa
gacggtttcet tcegcacgtt
tacaagcacyg gcccggtgga
tacgcgtteyg ccgtgtegga
gtgatgctge tcagcaggta
tacatccage ccgtctacaa
ctctggeege aggtcgacct
tcgaacatcg agtttttegt
acgttcatga tgatcctcaa
cacgcaacga tcggcatggt

geegegtacyg gtgettteat

ggtthCgCg

caacctgtge

caatgacggce

cgtcatgace

catggcggac

cgtggtccaa

ggccaacgge

gttegtgceac

gaaaaactac

gtggtegtte

caactecggte

24

28

20

22

60

120

180

240

300

360

420

480

540

600

660



221

US 9,062,315 B2

-continued

222

acgcacgtga tcatgtacte geactacttt

aagcggtaca tcacgagett ccagetegece

ctggtgettyg ccttegagga ggtgtacceg

cacatcatca tgctctacct gtteggacge

ggtgagatcg acggccttga cgccccaage

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<223>

<400>

SEQ ID NO 187

LENGTH: 317

TYPE: PRT

ORGANISM: Thraustochytrium
FEATURE:

NAME/KEY: misc_feature
LOCATION: (317)..(317)
OTHER INFORMATION: Xaa can
FEATURE:

gecacctege tcaacatcaa caaccegtte

cagtttgcaa gctgcategt

ctcgagtacyg cttacctgea

cgcatgaact ggagccccga

gececcacca agtccgagta

aureum

be

any

OTHER INFORMATION: C20 elongase

SEQUENCE: 187

Met Ala Thr Arg Thr Ser Lys Ser

1

5

Lys Val Ala Ala Pro Ala Lys Lys

20

Phe Phe Arg Thr Phe Asn Leu Cys

35 40

Tyr Ala Tyr Lys His Gly Pro Val

50

55

Phe His Lys Ser Pro Met Tyr Ala

65

70

Phe Gly Ala Pro Leu Met Tyr Val

85

Tyr Met Ala Asp Lys Lys Pro Leu

100

Gln Pro Val Tyr Asn Val Val Gln

115 120

Trp Gly Leu Trp Pro Gln Val Asp
130 135

Leu Asn Lys Ser Arg Asp Ser Ash

145

150

Leu Leu Thr Lys Phe Leu Asp Trp

165

Lys Lys Asn Tyr Ala Gln Val Ser

180

Thr Ile Gly Met Val Trp Ser Phe

195 200

Gly Thr Ala Ala Tyr Gly Ala Phe
210 215

Met Tyr Ser His Tyr Phe Ala Thr

225

230

Lys Arg Tyr Ile Thr Ser Phe Gln

245

Val His Ala Leu Leu Val Leu Ala

260

Tyr Ala Tyr Leu Gln Ile Ser Tyr

275 280

Gly Arg Arg Met Asn Trp Ser Pro

Ala

Arg

25

Ala

Asp

Phe

Leu

Thr

105

Ile

Leu

Ile

Ser

Phe

185

Leu

Ile

Ser

Leu

Phe
265

His

Glu

Pro

10

Ser

Leu

Asn

Ala

Gly

90

Gly

Ala

Ala

Glu

Asp

170

Leu

Leu

Asn

Leu

Ala
250
Glu

Ile

Trp

gecatgcccta

gatcagctac

gtggtgcacce

a

naturally occurring

Ala

Val

Tyr

Asp

Val

75

Val

Phe

Val

Asn

Phe

155

Thr

Gln

Gln

Ser

Asn

235

Gln

Glu

Ile

Cys

Val

Asp

Gly

Gly

60

Ser

Met

Ile

Cys

Gly

140

Phe

Phe

Val

Arg

Val

220

Ile

Phe

Val

Met

Thr

Ser

Arg

Ser

45

Gln

Asp

Leu

Lys

Gly

125

Asn

Val

Met

Phe

Gly

205

Thr

Asn

Ala

Tyr

Leu
285

Gly

Lys

Ser

30

Ala

Gly

Val

Leu

Thr

110

Trp

Pro

Phe

Met

His

190

Trp

His

Asn

Ser

Pro
270

Tyr

Glu

Ser

15

Asp

Leu

Leu

Met

Ser

95

Tyr

Met

Phe

Val

Ile

175

His

Gly

Val

Pro

Cys
255
Leu

Leu

Ile

720

780

840

900

951

amino acid

Ala

Gly

Ala

Tyr

Thr

80

Arg

Ile

Val

Gly

His

160

Leu

Ala

Ser

Ile

Phe

240

Ile

Glu

Phe

Asp
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290

295

300

Gly Leu Asp Ala Pro Ser Ala Pro Thr Lys Ser Glu Xaa
310

305

<210> SEQ ID NO 188
<211> LENGTH: 3193

<212> TYPE:

DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: genomic DNA (Thraustochytrium
DNA contains C20 elongase coding region)

<400> SEQUENCE: 188

ggatatccce

aggcgttecg

gacctagege

gaattacata

cgttgaacgyg

gatgcgcagg

tttgacaaag

aacgtcceeg

cgcgatatce

ggcgtggttt

tctttettte

agatagagac

ctttegttygy

cacgcatgec

agctcttece

catcgaccga

cgaacgtgtt

gCtggCang

taaacgcgac

aggttgcege

tcaacctgtyg

acaatgacgg

acgtcatgac

acatggcgga

acgtggteca

tggccaacgyg

tgttcgtgeca

agaaaaacta

tgtggtegtt

tcaactcggt

acaaccegtt

tgcatgecect

¢gcgaggega

caaccgegeg

gtgtgtcace

acaaacaact

agcgggtect

actctgegge

atcgcaaccc

gcacaggagt

tccateegeg

tcgaagecat

ttttgcaage

ggcaattcga

tcgtgeatga

gtgacgcteg

tctgctegte

tcgatcgatce

tcteccagga

tegetegget

catggcgacyg

gccggcgaag

cgcectgtac

ccaggggctg

ctteggegeyg

caaaaagccc

aatcgeggtyg

caacccttte

cctectgaca

cgceccaggtt

ccttetteag

cacgcacgtyg

caagcggtac

actggtgett

tggctgetee

ttcegetgta

tgceggecce

tgctggatga

gtgacggege

cacagccect

cgtecccatca

gecteeegey

tatatatccg

gectttette

gtgcgegaac

ccaagtactt

tggatggccg

ctegeggega

gtgtactcac

gatcgatcga

cgtgcegety

ggaagttgag

cgcacctega

aagcggtegg

gggtctgece

tactttcaca

ccgetgatgt

ctgactgget

tgcggetgga

ggcctcaaca

aagtttcteg

agctttetge

cgtggctggg

atcatgtact

atcacgagct

gecttegagyg

315

gacgacgtgg

acgagaccgt

cgttgegtge

gtacaagacc

agaaaggaac

ccgecagtat

actcctcaca

gttetgegea

taaacaacgg

cttectactt

ttgaaggtac

tccacgattt

ggatttttac

ctcatgatge

tggcgatget

tcaatcacgt

tcgetegetyg

tagtttgett

agagcgctec

tcgacaggag

tcgectatge

agtcgeccat

acgtgcetegyg

tcatcaagac

tggtgtgggg

agtcgegega

actggagcga

aggtgttcca

getegggeac

cgcactactt

tccagetege

aggtgtaccc

gCtggCgan

ttteccetgey

aaccgaattyg

agcgtagtgt

tcegeccgag

tccactaaaa

ataggcettte

tacggctgac

aacattctcce

gecttectte

tacttacact

ttceeeeeet

aattggatgce

ttgccagtygy

cteggegete

tcggtggact

atccacccga

tetgttgetyg

ggeggtttee

cgacggttte

gtacaagcac

gtacgegtte

tgtgatgcetyg

ctacatccag

cctetggecy

ctcgaacatce

cacgttcatg

ccacgcaacyg

cgecegegtac

tgccaccteg

ccagtttgca

getegagtac

aureum genomic

tcgetegeaa

ctgctgggtg

atcgataata

ggctgtggga

gtgaaaccce

atcecgeccecee

cactggcgga

cactacgcag

ctctcaacga

tttctttctt

tgacagagag

gttttggteg

gecaggetge

cagtgcatcc

gttcaggggc

cggcagacce

agcgeggtceg

cgctgettty

aagtcggeca

ttcegecacgt

ggcceggtgg

geegtgtegg

ctcagcaggt

ccegtetaca

caggtcgace

gagttttteg

atgatcctca

atcggcatgyg

ggtgctttca

ctcaacatca

agctgeatcg

gettacctge

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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agatcagcta ccacatcatc atgctctacce tgttcggacg ccgcatgaac tggagccccg 1980
agtggtgcac cggtgagatc gacggecttg acgccccaag cgceccccacce aagtccgagt 2040
aaacctgttt ccggctggcet cccgagccat gcttaccatg aatgaacctg caaacagtct 2100
gaggtccttyg tgcaaaccgce tcagtgggac gtcgacgaag aaagaaacaa tgtgtactcg 2160
tcttgetetg ctececegegee gttttttate gttgttgaga cctcectegege agttttggga 2220
atcaaccaaa acaagagccc ggcgtcagceg tttgcttege cecteggcectge actcecgcetegg 2280
cacgcaggta taactgggtg agtaccaagc cccgcatttg tectgteccgeg atccgcegcac 2340
gctgegggte aggacgacat cgcgctgcac gtcacagtgg gtcecccttttg acgtggetge 2400
ggcgatgagg aggcttggct cggcttcatg gcaaggcaac agactcgett ccaggacgcyg 2460
cacgacgagc agcgctgett tgatcgacct tgectgegtce accgectcegg ctgetttgat 2520
cgatcgttgt caccggccga gtgaccgcga acgcattgece cgcacggcte ggctceggcete 2580
ggaccggace ggctegectt ggeggegegg cgcgatggeg acccagacgce gaccggagec 2640
gcgegcggag gacaaggcca tgtacatcett cgggctcecggg tacgttggga gcaggctege 2700
caaccagctyg gcggaacagg ggtggegegt cgeggggteg gtgagggage tcegggegcega 2760
ggacgacttt gccgagttcg aaaagtccaa gctgagcggce aaggtgcagg tgttccaact 2820
ccegettgag ggcgaggaca acacgceccge tegegegegyg gagatactta gegggtacca 2880
gcgectgetyg ttcacggcege cagtggaccg cgcccggaac tgtgaccect tcettgggega 2940
cceegttete ggcccegtga tegtcgaget agcagaggag ggcecgcatceyg actgggecgg 3000
ctatctctca accacttegg tcectacggcaa ccacgacggce gagtgggtgg acgagaccac 3060
geegetcatyg ceccacgctca aacgeggcga gcagegegte atggtggage gegecttect 3120
gtacgagtcg ggcctcecceccgg cccatatcectt tecggctgcca ggaatctacg gcccagggcey 3180
cggcccgata tca 3193
<210> SEQ ID NO 189
<211> LENGTH: 27
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 189
gacaaagatc tcgactggag cgaccac 27
<210> SEQ ID NO 190
<211> LENGTH: 27
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 190
gtcgagatct tttgtcagga ggtgcac 27

<210> SEQ ID NO 191
<211> LENGTH: 951

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: BglII inserted C20 elongase

<400> SEQUENCE: 191
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atggcgacgc gcacctcgaa gagcegctceg geggtttceca agtceggccaa ggttgcecgeg 60
ccggegaaga agceggtceggt cgacaggage gacggtttet tcecgcacgtt caacctgtge 120
gccctgtacg ggtctgecct cgectatgeg tacaagcacg gcccggtgga caatgacgge 180
caggggctgt actttcacaa gtcgcccatg tacgcgtteg cegtgtcegga cgtcatgacce 240
ttcggegege cgetgatgta cgtgcteggt gtgatgetge tcagcaggta catggceggac 300
aaaaagcccc tgactggctt catcaagacc tacatccage ccgtctacaa cgtggtccaa 360

atcgeggtgt geggetggat ggtgtgggge ctetggecge aggtcgacct ggccaacgge 420

aacccttteg gectcaacaa gtegegegac tcgaacateg agtttttegt gttegtgeac 480
ctcectgacaa agatctegac tggagcgaca cgttcatgat gatcctcaag aaaaactacg 540
cccaggttag ctttetgecag gtgttecace acgcaacgat cggeatggtyg tggtegttece 600
ttcttecageg tggetgggge tegggeaceg ccgegtacgg tgctttcate aactceggtca 660
cgcacgtgat catgtacteg cactactttg ccaccteget caacatcaac aaccegttca 720
agcggtacat cacgagcette cagctegece agtttgecaag ctgecategtg catgecctac 780
tggtgettge cttegaggag gtgtaccege tcgagtacge ttacctgecag atcagctace 840
acatcatcat gctctacctg tteggacgee geatgaactg gagececgag tggtgcacceg 900
gtgagatcga cggccttgac gecccaageg cccccaccaa gtecgagtaa a 951

<210> SEQ ID NO 192

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 192

atggcgacgce gcacctcgaa gag 23

<210> SEQ ID NO 193

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 193

ttactcggac ttgctggggg cgc 23

<210> SEQ ID NO 194

<211> LENGTH: 2655

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: fusion DNA(Thraustochytrium aureum C20 elongase
5' region/SV40 terminator/Neor/ubiquitin promoter/Thraustochytrium
aureum C20 elongase 3' region)

<400> SEQUENCE: 194

atggcgacge gcacctegaa gagegcteceg geggttteca agteggecaa ggttgecegeg 60
ccggegaaga agceggtoeggt cgacaggage gacggtttet tecgcacgtt caacctgtge 120
gecctgtacyg ggtcetgecct cgectatgeg tacaagcacg geccggtgga caatgacgge 180
caggggctgt actttcacaa gtegeccatg tacgegtteg cegtgtegga cgtcatgace 240
ttcggegege cgctgatgta cgtgeteggt gtgatgetge tcagcaggta catggeggac 300

aaaaagcccce tgactggett catcaagace tacatccage cegtctacaa cgtggtccaa 360
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atcgeggtgt geggetggat ggtgtgggge ctetggecge aggtcgacct ggccaacgge 420
aacccttteg gectcaacaa gtcgcgegac tcgaacateg agtttttegt gttegtgcac 480
ctectgacaa agatctagcet agaggtcgac ggtatacaga catgataaga tacattgatg 540
agtttggaca aaccacaact agaatgcagt gaaaaaaatg ctttatttgt gaaatttgtg 600
atgctattge tttatttgta accattataa gctgcaataa acaagttggyg gtgggcgaag 660
aactccagca tgagatcccce gegctggagg atcatccage cggegtceccyg gaaaacgatt 720
ccgaagecca acctttcata gaaggeggeg gtggaatcga aatctcegtga tggcaggttg 780
ggegtegett ggteggtcat ttcgeggatce tcaaaagaac tcegtccagga ggeggtagaa 840
cgcaatccte tggetgtecg gggcggegat gecgtagage acgagaaagce ggtcggecca 900
ctegecgeca agetectegg cgatgteceg cgtggcgage gegatgtett ggtageggte 960
cgccacgece aggcegeccge agtcgataaa geccgagaag cggecgttet cgaccatgat 1020
gttggggagg caggcgtcge cgtgcgtgac cacgaggtcec tcegeccgtceccg gcatcectage 1080
cttaagcctg gecgaacagtt ccgceccggcge gaggccctgg tgctectegt cgaggtegte 1140
ttggtcgacg aggccagect ccatccgegt gegggcegegt tcegatcectgt gettegectg 1200
gtggtcgaayg gggcaggtgg cggggtcgag ggtgtgcagyg cggcgcatgg cgtcggecat 1260
gatggacacc ttctcagcgg gcgcgaggtg gectgctgagg aggtcecctgge cgggcactte 1320
ccegaggage agccagtege ggccggette ggtgacgacyg tcegagcacag cggegcacgg 1380
aaccceegte gtggcaagec agctgaggcg ggcagctteg tectggaget cgttgagggce 1440
geegetaagy teggtettga caaacaggac cggcecggece tgcgcegctaa ggeggaacac 1500
ggcegegtee gagcagccga tcegtetgetg ageccagteg tagccgaaca gecgttcecac 1560
ccaagcagcg ggcgagccag cgtgaaggcce gtectgttca atcatgttgg ctagtgttgce 1620
ttaggtceget tgctgctget ggtgttgett gttetgettg tegtttgggg tetgceccgaa 1680
gtggacgcgt gacacagccce agegttcegeg acttttccag caaccagetce gctecgegte 1740
agggtcactc tctgctcact cccctgtcta gtteggcaga actggagagg caacccgcgce 1800
ttccagaggg ttctecteeg gaatcagttce agaattcaga attcagaaga gggaatcgca 1860
gaaccggeceg cttegggagt tggttcecgetg caccatagca ggtgggcgat gaggccaacce 1920
gccetgetgg ctggattcecte tecgggttgge acatcgaacyg accgggaccce gcgcegcgagt 1980
tgtcecctgee agttgctace agectgccag cgteggagag ttatgegcectg ccetgecggece 2040
ggagagagag cgggcgtgga aagtggegtg tggggcgaac gcatggecect cecgegtgge 2100
ccgatttect atgcatcecge tecgcetetcet ctetecggagg caagaagagce acaccaacaa 2160
cgeceggegg gtgcaccagg cgctgeggea gatccagate tcegactggag cgacacgtte 2220
atgatgatcc tcaagaaaaa ctacgcccag gttagctttce tgcaggtgtt ccaccacgca 2280
acgatcggca tggtgtggtce gttecttett cagegtggcet ggggctcggg caccgcecgceyg 2340
tacggtgett tcatcaactc ggtcacgcac gtgatcatgt actcgcacta ctttgccacc 2400
tcgctcaaca tcaacaaccce gttcaagtgg tacatcacga gcttccaget cgcccagttt 2460
gcaagctgca tcgtgcatge cctactggtg cttgcctteg aggaggtgta cccgctegag 2520
tacgcttacce tgcagatcag ctaccacatc atcatgctct acctgttcgg acgccgcatg 2580
aactggagce ccgagtggtg caccggtgag atcgacggece ttgacgcccee aagcgeccce 2640
accaagtccg agtaa 2655
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<210> SEQ ID NO 195
<211> LENGTH: 2886

<212> TYPE

: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

fusion DNA(Thraustochytrium aureum C20 elongase

5' region/ubiquitin promoter/Hygr/SV40 terminator/Thraustochytrium

aureum C20 elongase 3'

<400> SEQUENCE: 195

atggcgacge

ceggegaaga

geecctgtacy

caggggctgt

tteggegege

aaaaagcccc

atcgeggtgt

aacccttteg

ctcectgacaa

getettettyg

agggccatge

cagcgcataa

gggtCCngt

atcgececace

tcttetgaat

cctetecagt

gagctggttg

ccccaaacga

ccaacatgaa

tcgacagegt

tcgatgtagyg

aagatcgtta

acattgggga

cgttgcaaga

tggatgcgat

aaggaatcgg

tgtatcactg

atgagctgat

tcggetecaa

aggcgatgtt

tggcttgtat

cgecegegget

ttgacggcaa

ccggagcecgyg

gcacctcgaa
agcggteggt
ggtetgeect
actttcacaa
cgctgatgta
tgactggett
geggetggat
gectcaacaa
agatctggat
cctecgagag
gttegeccca
ctctecgacy
cgttegatgt
tgctatggtyg
tctgaattet
tctgccgaac
ctggaaaagt
caagcagaac
aaagcctgaa
ctcecgacetyg
agggegtgga
tgtttategg
attcagcgag
cctgectgaa
cgctgeggec
tcaatacact

gcaaactgtyg

getttgggee

caatgtcctg

cggggattee

ggagcagcag

cegggegtat

tttcgatgat

gactgtcggg

gagegcetecyg

cgacaggagce

cgectatgeg

gtcegeccaty

cgtgcteggt

catcaagacc

ggtgtgggge

gtcegegegac

ctgeccgeage

agagagcgga

cacgccactt

ctggcagget

gccaacccga

cagcgaacca

gaactgattce

tagacagggg

cgcgaacgcet

aagcaacacc

ctcaccgega

atgcagctct

tatgtecctge

cactttgcat

agcctgacct

accgaactge

gatcttagee

acatggecgtyg

atggacgaca

gaggactgce

acggacaatg

caatacgagg

acgcgcetact

atgcteegea

gcagcttggg

cgtacacaaa

region)

geggttteca

gacggtttet

tacaagcacg

tacgcgtteg

gtgatgctge

tacatccage

ctetggecge

tcgaacateg

gectggtgea

geggatgeat

tccacgeceyg

ggtagcaact

gagaatccag

actcccgaag

cggaggagaa

agtgagcaga

gggctgtgtc

agcagcagca

cgtetgtega

¢ggagggega

gggtaaatag

cggecgeget

attgcatcte

cegetgttet

agacgagegy

atttcatatg

cegtcagtge

ccgaagtecg

gecgcataac

tcgccaacat

tecgagcggag

ttggtcttga

cgcagggtcg

tcgecegeag

agtcggccaa

tccgcacgtt

gcccggtgga

cegtgtegga

tcagcaggta

ccgtctacaa

aggtcgacct

agtttttegt

cecegeeggyge

aggaaatcgg

ctctctetee

ggcagggaca

ccagcaggge

cggecggtte

ccctetggaa

gagtgaccct

acgcgtcecac

agcgacctaa

gaagtttetg

agaatctegt

ctgegecgat

cccgattecy

cecgecgtgea

gcagceggte

gtteggecca

cgcgattget

gtcegtegeg

gcacctegtyg

agcggtcatt

cttettetgg

gecatceggag

ccaactctat

atgcgacgca

aagcgeggec

ggtthCgCg

caacctgtge

caatgacggce

cgtcatgace

catggcggac

cgtggtccaa

ggccaacgge

gttegtgceac

gttgttgtgt

gccacgcggyg

dgccggeagg

actcgegege

ggttggecte

tgcgattece

gegegggttg

gacgcggage

ttcgggcaga

gcaacactag

atcgaaaagt

gettteaget

ggtttctaca

gaagtgcttg

cagggtgtca

gcggaggceca

ttcggaccge

gatccccatg

caggcteteg

cacgcggatt

gactggagcg

aggccgtggt

cttgcaggat

cagagcttygg

atcgtccgat

gtctggaceg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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atggctgtgt agaagtactc gecgatagtg
caaaggaata gagatccgeg aaatgaccga
tttcegattce accgecgect tctatgaaag
cggetggatyg atcctecage geggggatcet
gtttattgca gcttataatg gttacaaata
agcatttttt tcactgecatt ctagttgtgg
tgtctgtata ccgtegacct cyagetagat
ctcaagaaaa actacgccca ggttagettt
atggtgtggt cgttecttet tcagegtgge
ttcatcaact cggtcacgca cgtgatcatg
atcaacaacc cgttcaagtg gtacatcacg
atcgtgcatyg ccctactggt gettgectte
ctgcagatca gctaccacat catcatgete
ccegagtggt geaccggtga gatcgacgge
gagtaa

<210> SEQ ID NO 196

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer
<400> SEQUENCE: 196

geteggetgg aagttgagta gtttge
<210> SEQ ID NO 197

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer
<400> SEQUENCE: 197

tctttetteg tegacgtece actg

<210> SEQ ID NO 198

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 198

atgattgaac aggacggect tcac

<210> SEQ ID NO 199

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 199

tcaaaagaac tcgtccagga ggeg

gaaaccgacyg
ccaagcgacyg
gttgggette
catgctggag
aagcaatagc
tttgtccaaa
ctcgactgga
ctgcaggtgt
tggggctegg
tactcgcact
agcttecage
gaggaggtgt
tacctgtteg

cttgacgece

ccccageact

cccaacctyge

ggaatcgttt

ttcttegece

atcacaaatt

ctcatcaatg

gegacacgtt

tccaccacge

gcaccgeege

actttgccac

tcgeccagtt

accecgetega

gacgccegeat

caagcgecece

cgtccgaggg

catcacgaga

tcegggacge

accccaactt

tcacaaataa

tatcttatca

catgatgatc

aacgatcgge

gtacggtgcet

ctcgetcaac

tgcaagctge

gtacgcttac

gaactggagce

caccaagtcc

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2886

26

24

24

24



235

US 9,062,315 B2

-continued

236

<210> SEQ ID NO 200
<211> LENGTH: 24

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 200

atgaaaaagc ctgaactcac cgeg

<210> SEQ ID NO 201
<211> LENGTH: 25

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 201

ctatteccttt geecteggac gagtg

<210> SEQ ID NO 202
<211> LENGTH: 23

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 202

ggcggagega agtgtgaaag tta

<210> SEQ ID NO 203
<211> LENGTH: 24

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 203

gcgacagcat cttgaaatag gcag

<210> SEQ ID NO 204
<211> LENGTH: 2571

<212> TYPE:

DNA

<213> ORGANISM: Thraustochytrium

<220> FEATURE:

<223> OTHER INFORMATION: Genomic
delta 4 desaturase

<400> SEQUENCE: 204

dgcggagega

agctcacgeg

tegtgecccee

agcagcagca

aggtgaaatc

gcgaaggggy

tctacaggtt

ttgctgegte

aacctggaag

gatcggtget

agtgtgaaag

gttegetttt

gegecaggtt

ccaaggggga

gatcgatcaa

aagacccteg

gtgcagcgge

tgcecgecteg

tggactcgge

ggtgcgaatt

ttacaaccca

ctggtggect

tgccegetgt

tggatccteg

ttgatcaatc

gtctetgete

cgcactgega

ggatcagcca

aagtcggcag

aggatggacc

aureum

24

25

23

24

delta 4 desaturase upstream/T. aureum

gttactgcce
ggcgacgtte
cgctegagga
ttgacagcac
aagatcattg
gggaacccga
gettgegecy
cteggttttt
atccacteeg

caggctatgt

attcceggga

geegettgee

gtggactcge

caagatgctce

gaagcaaatg

cacgaggcetyg

ggccaaggcg

cgtcatcagyg

gaattccaag

gagagtcgga

aaagttgcge

ggatactcce

gagtcgcegac

tcetgecttte

ggaagcaaat

agggcgcgct

ctcgccagaa

gtccacctte

atccceggte

gggtggcggt

60

120

180

240

300

360

420

480

540

600
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tgtctecace

ggggagattc

gacccagatt

ccactggagt

cgtgaggcge

getgcacgag

agagcgceteg

cgcaacacta

gggtttgacg

tggtgcgcga

ggggacatca

atcaagggceg

aagaagggcg

gacagcgagt

ctcatgcage

tggggetece

gttacgcteg

ggcgecttet

dgcgcegagceyg

ctcatcgaga

gtcgaccagg

tggcaccgec

tttatgacga

ttccagatcg

atgaagctcc

cagggcttga

tttattgtca

gtcatggete

ctcagtgegyg

gactgggccg

aaccactttt

acacggtcaa

cgtaccagge

gtgacagcge
gtaggacgcg
cegteggtat
tttcaacgte
cgagcatgte
gctaaggeca
acggcacgtyg
gggggctgga
aaacggtgac
tccacggeac
tcatgetgge
tcceggacge
aaacgagcca
tttacagggt
gegegegeat
tttacgccat
gegtgttege
ccaagtcgeg
cgatgacctyg
tggagaacgg
agagcgaccc
agcggtttta
ttaacaaggt
acgccaactyg
tcaccacget
agcttttett
accacatcat
cgcegegeac
ccgagtegac
ctgtgcagtyg
cgggeggect
cgtctacate

tgagatcage

<210> SEQ ID NO 205
<211> LENGTH: 616

<212> TYPE:

DNA

gegtgtggtyg

atgcgetegt

ggctegtgtt

acgaagccge

gttggtttge

agggcactca

geggcagace

cgtggaccac

tatggacacg

cgtgtacgac

cgctggcaag

ggtgctgcgc

cgtgeccace

getecgegag

ggagctctgg

gtgegtgeta

tgcctttgte

attcatgaac

ggagatgcag

tttggccaag

ggacgtctte

ccacaagtte

gatttcccag

ceggtatgge

ctacatggtyg

catggcccac

cgagggcgtc

tgtgcacggt

caagtcggac

ccagacctet

caaccaccag

tcgggcateg

ctettetety

<213> ORGANISM: Thraustochytrium

<220> FEATURE:

<223> OTHER INFORMATION: genomic
delta 4 desaturase

<400> SEQUENCE: 205

cgcaaggege gcaacactag ggggetggac

agtaacgcga agcgcegtggt
cactgagggt gcgccggtga
cgcacacctt caggaacccg
tctgtgtgac gagaattgge
ctcttcacaa cagaatcaga
ctgactcgga cgtgaagcag
ggctteggga cgggcaggag
tggctaagga gcgctggaaa
gtcegecaace acaacatgcece
atcaccaagt tcagcaaggt
gaggccacca tcctgttega
aagtacaagyg tcggcaagct
gggctegact cggectecta
cgegtegeca agaagcetgge
gccaaggega tcettectect
gacccgcacyg geggtgecat
ggaacttgca tccagcacga
aaggcggegyg gctggaccect
cacgttcttyg gccaccacce
gtcaagggeg ccgacgtcega
agtacgtacc cgatgcetteg
cagcacctgt acgcccegtt
gatgtcgggg ttgtgcetgeg
agccectggt acgtggeccg
gegetteeca tgtacatgca
ttcacctgeyg gagaggtect
agctacgcett ccaaggacge
gtcacccega tgcaggtgac
gccgacaaga cgaccatgat
gtgaactggg ctgtcgggte
attgagcacc actgcttece
tcaaggagac ctgcgaagaa

cctatttcaa gatgetgteg

aureum

ggagaaatgg
cgaagcetteg
catgacgaga
ttgcgagtga
cgactgggag
aagcagaagce
acgcaaggcg
gatgacggte
ggacgacgcce
gecacceegge
gacctaccac
ccececaggyge
ctactegtygyg
cgagceccgge
ggcaggttte
ggtagccgece
cggcagecac
cgacatgatc
gtacaccaac
cccgaagaag
cctgcaccecey
tatctttggyg
caagcgectyg
cttetggate
ggggectget
cgccaccatyg
ggtcaagggce
gcaaaaggcg

ccecectecaac

gtggttttgg

caaaaccccece

tacggegtge

C

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2571

delta 4 desaturase upstream/T. aureum

gtggaccact ggctaaggag

cgctggaaag

60
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atgacggteg ggtttgacga aacggtgact atggacacgg tccgcaacca caacatgccg 120
gacgacgcect ggtgcgcegat ccacggcacce gtgtacgaca tcaccaagtt cagcaaggtg 180
cacceeggeg gggacatcat catgcetggece getggcaagg aggccaccat cctgttegag 240
acctaccaca tcaagggcgt cccggacgeg gtgctgegea agtacaaggt cggcaagcete 300
ccccagggca agaagggcga aacgagecac gtgeccaceyg ggctcegacte ggectectac 360
tactcgtggg acagcgagtt ttacagggtg ctecgcgage gegtegcecaa gaagetggece 420
gagcccggee tcatgcageg cgcgegecatg gagcetcetggg ccaaggegat cttectectg 480
gcaggtttet ggggctccct ttacgecatg tgcgtgetag acccgcacgg cggtgccatg 540
gtagccgeeyg ttacgetcegg cgtgtteget gectttgteg gaacttgcat ccagcacgac 600
ggcagccacg gcgcect 616
<210> SEQ ID NO 206
<211> LENGTH: 25
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 206
caggagatct ccaagtcgceg attca 25
<210> SEQ ID NO 207
<211> LENGTH: 26
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 207
cttggagatc tcctgccegt cccgaa 26

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 208
LENGTH: 3264

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: fusion DNA (T. aureum delta 4 desaturase
upstream/SV40 terminator/BlaR/ubiquitin promoter/T. aureum delta 4

desaturase)

SEQUENCE: 208

ggcggagcega agtgtgaaag ttacaaccca

agctcacgeg gttegetttt ctggtggect

tegtgeccee gegecaggtt tgecegetgt

agcagcagca ccaaggggga tggatccteg

aggtgaaatc gatcgatcaa ttgatcaatc

gecgaaggggyg aagacccteg gtctetgete

tctacaggtt gtgcagegge cgcactgega

ttgctgegte tgccgecteg ggatcageca

aacctggaag tggactegge aagteggcag

gatcggtget ggtgegaatt aggatggacc

tgtctecace gtgacagege gegtgtggtg

ggggagattc gtaggacgceg atgegcetegt

gttactgcce

ggcgacgtte

cgctegagga

ttgacagcac

aagatcattg

gggaacccga

gettgegecy

cteggttttt

atccacteeg

caggctatgt

agtaacgcga

cactgagggt

attcceggga

geegettgee

gtggactcge

caagatgctce

gaagcaaatg

cacgaggcetyg

ggccaaggcg

cgtcatcagyg

gaattccaag

gagagtcgga

agcgegtggt

gegecggtga

aaagttgcge

ggatactcce

gagtcgcegac

tcetgecttte

ggaagcaaat

agggcgcgct

ctcgccagaa

gtccacctte

atccceggte

gggtggcggt

ggagaaatgg

cgaagcetteg

60

120

180

240

300

360

420

480

540

600

660

720
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gacccagatt ccgtcggtat ggctegtgtt cgcacacctt caggaacccg catgacgaga 780
ccactggagt tttcaacgtc acgaagccge tctgtgtgac gagaattggce ttgcgagtga 840
cgtgaggege cgagcatgtce gttggtttge ctcttcacaa cagaatcaga cgactgggag 900
gctgcacgag gctaaggcca agggcactca ctgactcgga cgtgaagcag aagcagaagc 960

agagcgceteg acggcacgtg geggcagacce ggettceggga cgggcaggag atctagetag 1020
aggtcgacgg tatacagaca tgataagata cattgatgag tttggacaaa ccacaactag 1080
aatgcagtga aaaaaatgct ttatttgtga aatttgtgat gctattgctt tatttgtaac 1140
cattataagc tgcaataaac aagttggggt gggcgaagaa ctccagcatg agatccccgce 1200
gctggaggat catccagccg gcgtcecccecgga aaacgattcec gaagcccaac ctttcataga 1260
aggcggceggt ggaatcgaaa tcectcecgtgatg gcaggttggg cgtcecgettgg teggtcattt 1320
cgeggatett agcectcecca cacataacca gagggcagcea attcacgaat cccaactgece 1380
gtcggctgte catcactgte cttcactatg getttgatec caggatgcag atcgagaagce 1440
acctgtegge accgtccgceca ggggctcaag atgecccetgt tetcatttee gatcgcgacg 1500
atacaagtca ggttgccage tgccgcagca gecagcagtge ccagcaccac gagttctgca 1560
caaggtcccce cagtaaaatg atatacattg acaccagtga agatgcggcce gtcgctagag 1620
agagctgcgce tggcgacgct gtagtcttca gagatgggga tgctgttgat tgtagccgtt 1680
gctetttcaa tgagggtgga ttcettcecttga gacaaaggcet tggccatgtt ggctagtgtt 1740
gcttaggteg cttgctgetg ctggtgttge ttgttectget tgtegtttgg ggactgeccy 1800
aagtggacgc gtgacacagc ccagcgttceg cgacttttecce agcaaccagce tegctcecgeg 1860
tcagggtcac tctctgctca cteccectgte tagttcggca gaactggaga ggcaacccgce 1920
gcttecagag ggttctecte cggaatcagt tcagaattca gaattcagaa gagggaatcyg 1980
cagaaccggce cgcttcggga gttggttcecge tgcaccatag caggtgggceg atgaggccaa 2040
ccgcectget ggctggatte tetegggttg gcacatcgaa cgaccgggac ccgcgcegcega 2100
gttgtcecetyg ccagttgcta ccagecctgece agegteggag agttatgegce tgcctgecgg 2160
ccggagagag agcegggegtyg gaaagtggeg tgtggggega acgcatggece ctceecgegtyg 2220
gccecgattte ctatgcatce gctecgetet ctcetectecgga ggcaagaaga gcacaccaac 2280
aacgcccgge gggtgcacca ggcgetgegg cagatccaga tctcecaagte gcegattcatg 2340
aacaaggcgg cgggctggac cctcgacatg atcggcgega gegegatgac ctgggagatg 2400
cagcacgttc ttggccacca cccgtacacce aacctcatcg agatggagaa cggtttggcece 2460
aaggtcaagg gcgccgacgt cgacccgaag aaggtcgacce aggagagcga cccggacgte 2520
ttcagtacgt acccgatgct tecgectgcac ccgtggcacce geccageggtt ttaccacaag 2580
ttccagcace tgtacgcccece gtttatcttt gggtttatga cgattaacaa ggtgatttcce 2640
caggatgtcg gggttgtgcet gcgcaagcge ctgttccaga tcgacgccaa ctgccggtat 2700
ggcagccect ggtacgtgge ccgcettetgg atcatgaage tcectcaccac gctctacatg 2760
gtggcgctte ccatgtacat gcaggggcct gcectcagggcet tgaagcetttt cttcecatggece 2820
cacttcacct gcggagaggt cctcecgccacce atgtttattg tcaaccacat catcgagggce 2880
gtcagctacg cttccaagga cgcggtcaag ggcgtcatgg cteccgcecgeg cactgtgcac 2940
ggtgtcacce cgatgcaggt gacgcaaaag gcgctcagtg cggccgagtce gaccaagteg 3000

gacgccgaca agacgaccat gatcccccte aacgactggg cegectgtgeca gtgecagacce 3060
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tctgtgaact

cagattgage

tcgtcaagga

ctgcctattt

gggctgtegg

accactgett

gacctgcgaa

caagatgcetg

<210> SEQ ID NO 209
<211> LENGTH: 3935

<212> TYPE:

DNA

gtegtggttt tggaaccact tttegggegg cctcaaccac

ccccaaaacce cccacacggt caacgtctac atctegggea

gaatacggcg tgccgtacca ggctgagate agectettet

tege

<213> ORGANISM: Artificial
<220> FEATURE:
«<223> OTHER INFORMATION: fusion DNA (T. aureum delta 4 desaturase
upstream/SV40 terminator/ZeoR/Enhanced GFP/ubiquitin promoter/T.
aureum delta 4 desaturase)

<400> SEQUENCE: 209

dgcggagega

agctcacgeg

tegtgecccee

agcagcagca

aggtgaaatc

gcgaaggggy

tctacaggtt

ttgctgegte

aacctggaag

gatcggtget

tgtctecace

ggggagattc

gacccagatt

ccactggagt

cgtgaggcge

getgcacgag

agagcgceteg

aggtcgacgg

aatgcagtga

cattataagc

gctggaggat

aggeggegge

cgeggatete

agggcgaact

tcceggaagt

acccacaccec

agggtcacgt

ccgageeggt

acggcactgg

agcaggacca

agtgtgaaag

gttegetttt

gegecaggtt

ccaaggggga

gatcgatcaa

aagacccteg

gtgcagcgge

tgcecgecteg

tggactcgge

ggtgcgaatt

gtgacagcge

gtaggacgcg

cegteggtat

tttcaacgte

cgagcatgte

gctaaggeca

acggcacgtyg

tatacagaca

aaaaaatgct

tgcaataaac

catccageceg

ggaatcgaaa

agtcctgete

ccecgececccea

tcgtggacac

aggccagggt

cgteceggac

cggtccagaa

tcaacttgge

tgtgatcgeg

ttacaaccca gttactgcce attcccggga aaagttgege

ctggtggect ggcegacgtte gecgettgeco ggatacteec

tgccegetgt cgctegagga gtggactege gagtegegac

tggatccteg ttgacagcac caagatgcte tctgecttte

ttgatcaatc aagatcattg gaagcaaatyg ggaagcaaat

gtctetgete gggaacccga cacgaggcetyg agggcegeget

cgcactgega gecttgegeeg ggccaaggeyg ctegecagaa

ggatcagcca cteggttttt cgtcatcagg gtccacctte

aagtcggcag atccactceg gaattccaag atcceceggte

aggatggacc caggctatgt gagagtcgga gggtggeggt

gegtgtggtyg agtaacgcga agcegegtggt ggagaaatgg

atgcgetegt cactgagggt gegecggtga cgaagetteg

ggctegtgtt cgcacacctt caggaacccg catgacgaga

acgaagccge tctgtgtgac gagaattgge ttgegagtga

gttggtttge ctcttcacaa cagaatcaga cgactgggag

agggcactca ctgactcgga cgtgaagcag aagcagaagc

geggecagace ggcetteggga cgggcaggag atctagetag

tgataagata cattgatgag tttggacaaa ccacaactag

ttatttgtga aatttgtgat gctattgett tatttgtaac

aagttggggt gggcgaagaa ctccagcatyg agatcccege

gegteecgga aaacgattcece gaagcccaac ctttcataga

tctegtgatyg gecaggttggg cgtegettgyg teggtcattt

ctcggecacyg aagtgcacge agttgecgge cgggtegege

cggetgeteg ccgatctegg teatggeegyg cceggaggeyg

gacctecgac cacteggegt acagetegte caggccgege

gttgtececgge accacctggt cectggaccge gctgatgaac

cacaccggeg aagtegtect ccacgaagtce ccgggagaac

ctcgaceget cecggegacgt cgegegeggt gagcaccgga

gtcecatgecg agagtgatcee cggeggeggt cacgaactcec

cttetegttyg gggtetttge tcagggegga ctgggtgete

3120

3180

3240

3264

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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aggtagtggt tgtcgggcag cagcacgggg ccgtcgecga tgggggtgtt ctgctggtag 1860
tggtcggcga gctgcacget gecgtecteg atgttgtgge ggatcttgaa gttcaccttg 1920
atgccgttet tetgecttgte ggccatgata tagacgttgt ggctgttgta gttgtactce 1980
agcttgtgece ccaggatgtt gecgtcectcee ttgaagtega tgcccttcag ctcecgatgegg 2040
ttcaccaggg tgtcgcccte gaacttcace tcggcgeggg tcecttgtagtt gecgtcegtcece 2100
ttgaagaaga tggtgcgctc ctggacgtag ccttecgggca tggcggactt gaagaagtcg 2160
tgctgcttca tgtggtcggyg gtagcecggctg aagcactgca cgccgtaggt cagggtggtce 2220
acgagggtgg gccagggcac gggcagettg ceggtggtge agatgaactt cagggtcage 2280
ttgccgtagg tggcatcgec ctegececteg ccggacacge tgaacttgtg gecgtttacg 2340
tcgecegteca getcecgaccag gatgggcace accecggtga acagctcecte geccttgete 2400
accatgttgg ctagtgttgc ttagatcgct tgctgctget ggtgttgctt gttectgettg 2460
tcgtttgggg tectgcccgaa gtggacgcegt gacacagcecce agcecgttcgeg acttttecag 2520
caaccagctc gctcecgegte agggtcactce tctgctcact ceccctgtcta gttecggcaga 2580
actggagagg caacccgcegce ttccagaggg ttctectecg gaatcagttce agaattcaga 2640
attcagaaga gggaatcgca gaaccggcag cttcgggagt tggttcgctg caccatagca 2700
ggtgggcgat gaggccaacce gcectgetgg ctggattcte tegggttgge acatcgaacy 2760
accgggacce gcegegegagt tgtccctgee agttgctace agectgcecag cgtcggagag 2820
ttatgegetyg cctgecggcee ggagagagag cgggcegtgga aagtggegtyg tggggcaaac 2880
gcatggcect ccecgegtgge ccgatttect atgcatccge tecgetetet cteteggagyg 2940
caagaagagc acacaacaac gcccggeggg tgcaccagge getgeggceag atctccaagt 3000
cgegattcat gaacaaggcg gecgggctgga cectcgacat gatcggegeyg agcegegatga 3060
cctgggagat gcagcacgtt cttggccacce acccgtacac caacctcatc gagatggaga 3120
acggtttgge caaggtcaag ggcgccgacg tcgacccgaa gaaggtcgac caggagagcg 3180
acccggacgt cttcagtacg tacccgatge ttegectgca ceccgtggcac cgccageggt 3240
tttaccacaa gttccagcac ctgtacgccce cgtttatcett tgggtttatg acgattaaca 3300
aggtgatttc ccaggatgtc ggggttgtgce tgcgcaagceg cctgttccag atcgacgceca 3360
actgccggta tggcagcccecce tggtacgtgg cccgcttetg gatcatgaag ctcectcacca 3420
cgctctacat ggtggcgett cccatgtaca tgcaggggcce tgctcagggce ttgaagettt 3480
tcttcatgge ccacttcacce tgcggagagg tcctcecgecac catgtttatt gtcaaccaca 3540
tcatcgaggg cgtcagctac gcttccaagg acgcggtcaa gggcgtcatg getceccgeccecgce 3600
gcactgtgca cggtgtcace ccgatgcagg tgacgcaaaa ggcgctcagt geggccgagt 3660
cgaccaagtce ggacgccgac aagacgacca tgatcccect caacgactgg gccgetgtge 3720
agtgccagac ctctgtgaac tgggctgtcg ggtegtggtt ttggaaccac ttttcecgggceg 3780
gectcaacca ccagattgag caccactgcet tccccaaaac ceccacacgg tcaacgtcta 3840
catctcggge atcgtcaagg agacctgcga agaatacggce gtgccgtacce aggctgagat 3900
cagcctette tectgectatt tcaagatgct gtege 3935

<210> SEQ ID NO 210
<211> LENGTH: 23

<212> TYPE

: DNA

<213> ORGANISM: Artificial
<220> FEATURE:
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<223> OTHER INFORMATION: primer
<400> SEQUENCE: 210

aaaagaacaa gccctctect gga 23

<210> SEQ ID NO 211

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 211

gaggtttgta tgttcggcgg ttt 23

<210> SEQ ID NO 212

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 212

tgggggacct tgtgcagaac tcgtgg 26

<210> SEQ ID NO 213

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 213

gacctacggce gtgcagtgct tc 22

<210> SEQ ID NO 214

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 214

atgtgcaagg tcgatgggac aa 22

<210> SEQ ID NO 215

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 215

tcacaaacat cgcagccttc gg 22

<210> SEQ ID NO 216

<211> LENGTH: 395

<212> TYPE: PRT

<213> ORGANISM: Thraustochytrium aureum ATCC 34304

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (395)..(395)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 216

Met Cys Lys Val Asp Gly Thr Asn Arg Ala Ser Ser Ala Gln Ala Gln
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Ala

Pro

Ala

Tyr

65

Tyr

Thr

Trp

Asp

145

Tyr

Gln

Lys
Ala
225

Thr

Gly

Arg

305

Thr

Gln

Phe

Cys

Ile
385

Glu

Ala

Arg

50

Ile

Ala

Glu

Val

Gln

130

Gly

Glu

Ile

Ala

Lys

210

Lys

Leu

Ser

Gly

Glu

290

Pro

His

Glu

Asp

His

370

Ala

Gln

His

35

Asp

Pro

Ile

Gly

Gly

115

Asp

Glu

Lys

Val

Thr

195

Pro

Leu

Ala

Leu

Tyr

275

Asp

Tyr

Val

Ala

Pro
355

Tyr

Glu

Glu

20

Cys

Leu

Val

Val

Gly

100

Tyr

Ser

Ser

Ile

Leu

180

Gly

Asn

Arg

Gly

Met

260

Thr

Glu

Pro

Cys

Thr

340

Thr

Val

Lys

Lys

Phe

Ala

Glu

Gln

85

His

Val

His

His

Leu

165

His

Ser

His

Phe

Ile

245

Tyr

Trp

Trp

Trp

His

325

Glu

Pro

Glu

Arg

<210> SEQ ID NO 217

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Artificial

1185

Leu

Glu

Phe

Trp

Gly

Gly

Leu

Arg

Asn

150

Asp

Leu

Arg

Phe

Lys

230

Ala

Phe

Leu

Thr

Ile

310

His

Ala

Leu

Gly

Ala
390

Pro

Lys

Cys

55

Ser

Thr

Gly

His

Arg

135

Pro

Thr

Val

Arg

Asn

215

Ile

Val

Gly

Gln

Trp

295

Val

Leu

Leu

Ala

Leu
375

Ala

Thr

Ser

40

Ser

Ile

Val

Ile

Ser

120

His

Asp

Val

Leu

Ser

200

Trp

Phe

Leu

Pro

His

280

Ile

Asp

Phe

Lys

Gln
360

Asp

Lys

Ile

25

Thr

Ala

Lys

Ala

Ser

105

Ile

His

Leu

Gly

Gly

185

Pro

Gly

Leu

Ala

Tyr

265

Thr

Lys

Glu

Ser

Pro

345

Ala

Gly

Lys

10

Gly

Leu

Ile

Ala

Thr

90

Ser

Leu

Ala

Lys

Glu

170

Trp

Val

Ala

Ser

Asn

250

Leu

Asp

Gly

Leu

Asp

330

Val

Met

Val

Leu

Glu

Lys

Gly

Ile

Gly

Tyr

Leu

Arg

Arg

155

Asp

Pro

Thr

Ser

Ser

235

Lys

Val

Gln

Ala

His

315

Met

Leu

Trp

Gln

Xaa
395

Leu

Ser

Tyr

60

Ala

Val

Ser

Val

Cys

140

Lys

Ala

Met

Gly

Asn

220

Leu

Leu

Val

Asp

Met

300

His

Pro

Gly

Asn

Tyr
380

Arg

Leu

45

Ala

Leu

Trp

Ile

Pro

125

Asn

Val

Phe

Tyr

Gln

205

Glu

Gly

Gly

Asn

Ala

285

Thr

His

His

Lys

Thr
365

Pro

Lys

30

Phe

Ala

Trp

Val

Val

110

Tyr

His

Tyr

Val

Leu

190

Lys

Gln

Val

Ala

Ala

270

Pro

Thr

Ile

Tyr

His

350

Ala

Gln

15

Ala

Phe

Trp

Thr

Leu

95

Asn

Phe

Leu

Lys

Ile

175

Leu

Tyr

Tyr

Ile

Ala

255

Trp

His

Ile

Gly

Lys

335

Tyr

Arg

Ser

Val

Val

Glu

Leu

80

Gly

Asp

Ser

Leu

Met

160

Met

Met

Thr

Pro

Ala

240

Lys

Leu

Tyr

Asp

Thr

320

Ala

Arg

Asp

Ile
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<220> FEATURE:
<223> OTHER INFORMATION: genomic DNA (T. aureum ATCC34304 delta 4
desaturase DNA)

<400> SEQUENCE: 217

atgtgcaagyg tcgatgggac aaaccgggeg ageteggete aageccagge agagcaggaa 60
aagctgecca ccatcggega getgegeaag getgtgeceg cgcactgttt cgaaaagteg 120
acgttgaaga gcctgttett cgtggetegt gacctggegt tttgcagege catcgggtac 180
geggectggyg agtacatcee cgtegagtgg tcaatcaagg ccatcgecct gtggacectg 240

tacgccatag tgcagggcac cgtggegace ggggtetggg ttetgggeca cgaaggegga 300

cacggaggga tctcgagcta ctcectattgte aacgatactyg tegggtacgt getgecactceg 360
atcctgeteg tgcegtactt ttecctggecag gacagccaca ggcegecacca cgcegeggtge 420
aaccacctee tggacgggga gtcgcacaac ccggacctca agcgcaaggt ttacaagatg 480
tacgaaaaga tcctcgacac ggtgggegag gacgectttyg tgatcatgeca gatcgtectt 540
caccttgtet tagggtggcce catgtacctg ctgatgcacyg cgaccgggte tcegecgcage 600
ccegtgactyg ggcaaaagta caccaaaaag cccaatcact tcaactgggyg tgcgagcaac 660
gagcagtacce cggccaagtt gcgettcaag atttttetgt cctegettgg cgtgatcgeg 720
acgctegcag ggatcgecegt getggecaac aagetceggeg cegecaaggt ctcegetcatg 780
tactttggee cctacctegt ggtgaatgece tggetegtgg gatacacctyg gctccagcac 840
accgaccagg acgccccgca ctatggegag gacgagtgga cctggatcaa gggegecatg 900
acgacgatcg accgeccecta ccecctggatt gtggacgage tccaccacca catcggcacyg 960
acgcacgttt gccaccacct gttttceccgac atgeccgcact acaaggccca ggaagccace 1020

gaggcgctca agecggtget cggcaagcac taccgetteg acccgacccce getggegeag 1080
gecatgtgga acaccgcteg cgactgecac tacgtcegagg gectegacgyg agtgcagtac 1140

ccgcagtcaa tcatcgccga gaagcgtgcg gccaaaaagce tctag 1185

<210> SEQ ID NO 218

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 218

ggaagcttat gtgcaaggtc gatgggacaa 30

<210> SEQ ID NO 219

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 219

ttctagacta gagctttttg gccgcacgce 29

<210> SEQ ID NO 220

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 220
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agtcagccca ggcaccgatg acg

<210> SEQ ID NO 221

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 221

agccagagcet agatctettg tgetectttt caatcettt

<210> SEQ ID NO 222

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 222

ggagcacaag agatctagcet ctggctcaag ggacaccgt

<210> SEQ ID NO 223

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 223

cacagaaact gccttcacgg gtet

<210> SEQ ID NO 224

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 224

tgttatgegg ccattgteeg tcag

<210> SEQ ID NO 225

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 225

tgcgatcget geggecgate ttag

<210> SEQ ID NO 226

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 226
atgaaaaagc ctgaactcac cgegac
<210> SEQ ID NO 227

<211> LENGTH: 25
<212> TYPE: DNA

23

39

39

24

24

24

26
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<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 227

ctatteccttt geecteggac gagtg

<210> SEQ ID NO 228

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 228

atggccaage ctttgtctca agaagaa

<210> SEQ ID NO 229

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 229

ttagccctee cacacataac cagagggcag

<210> SEQ ID NO 230

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 230

ggggtceggee ggtgcagect tag

<210> SEQ ID NO 231

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 231

ggcggtcage gatcggtcegg actce

<210> SEQ ID NO 232

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 232

gettgegget cetgttgggt gac

<210> SEQ ID NO 233

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 233

acgcctgget geccaccata aac

25

27

30

23

24

23

23
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<210> SEQ ID NO 234
<211> LENGTH: 28

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 234

ttagcgggat cccaattege cctatagt

<210> SEQ ID NO 235
<211> LENGTH: 27

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 235

aattgggatc ccgctaagta tcteceg

<210> SEQ ID NO 236
<211> LENGTH: 28

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 236

agatctggta ccgcagegece tggtgeac

<210> SEQ ID NO 237
<211> LENGTH: 27

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer

<400> SEQUENCE: 237

getgeggtac cagatctggt cgegttt

<210> SEQ ID NO 238
<211> LENGTH: 5611

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

fusion DNA (Thraustochytrium aureum C20

elongase upstream/ubiquitin promoter/3 desaturase/ubiquitin

terminator/ubiquitin promoter/BlaR/SV40 terminator/T.aureum C20

elongase downstream)

<400> SEQUENCE: 238

tcececceggge

ctgeeggece

ttgctggatg

tgtgatggcg

ccacagcccce

cegteccate

tgcctecege

gtatatatcc

tgcctttett

tgcaggaatt

cegttgegty

agtacaagac

cagaaaggaa

tccgecagta

aactcctcac

ggttctgege

gtaaacaacg

ccttectact

cactagtgat

caaccgaatt

cagcgtagtyg

ctcegecega

ttccactaaa

aataggcttt

atgcggctga

gaacattcte

ttccttectt

tctecegggt

gatcgataat

tggctgtggg

ggtgaaacce

aatccgeece

ccactggegy

ccactacgca

ccteteaacy

ctttetttet

ggacctageg

agaattacat

acgttgaacyg

cgatgegeag

ctttgacaaa

aaacgtccce

gegegatate

aggcgtggtt

ttctttectt

cgtgtgtcac

aacaaacaac

gagcgggtcc

gactctgegg

gatcgcaacce

ggcacaggag

ctccatcege

ttcgaagtca

cttttgcaag

28

27

28

27

60

120

180

240

300

360

420

480

540
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cgtgegegaa cttgaaggta ctacttacac ttgacagaga gagatagaga cggcaattcg 600
accaagtact ttccacgatt tttttttttt ttgttttggt cgctttcgtt ggtcgtgcat 660
gatggatgge cgggattttt acaattggat gcgccaggcet gecacgcatg cegtgacget 720
tgctegegge gactcatgat gettgecagt ggcagtgcat ccagetctte cctetgeteg 780
tegtgtacte actggegatg ctecteggege tegttcaagg gecatcgate gatcgatcga 840
tcgatcgate gatcaatcac gtttggtgga cteggcagac cccgaacgtyg tttcetceccag 900
gacgcgecege tgtegetcege taatccacce gaagegeggt cggetggeac ggtegetegyg 960
ctggaagttg agtagtttgc tttctgttge tgcgctgett tgtaaacgcg accagatctg 1020
gtacccgtta gaacgcgtaa tacgactcac tatagggaga gtcgactgag cacaactctg 1080
ctgcgagegg gectcgagag cgtttgectte gagecgcegga gcaaggggga tggatcgetce 1140
atgcggtegt gecggecccteg gtcacceggt gggtcecctgca ctgacgcatce tgttcetgatce 1200
agacacacga acgaacaaac cgaggagccg cagcgectgg tgcacccgece gggegttgtt 1260
gtgtgctett cttgectcececg agagagagag cggagcggat gcataggaaa tcgggccacy 1320
cgggagggcce atgcgttege cccacacgcce actttceccacg cecgectcetet cteecggecgg 1380
caggcagcege ataactctcce gacgctggea ggctggtage aactggcagyg gacaactcge 1440
gegegggtee cggtegtteg atgtgccaac ccgagagaat ccagccagca gggeggttgg 1500
cctcategece cacctgctat ggtgcagcga accaactcecc gaagcggcceg gttectgcgat 1560
tcectettet gaattctgaa ttectgaactg atteccggagg agaaccctet ggaagcegegg 1620
gttgcctete cagttctgce gaactagaca ggggagtgag cagagagtga ccctgacgceg 1680
gagcgagcetyg gttgctggaa aagtcgcgaa cgctgggctg tgtcacgegt ccactteggg 1740
cagaccccaa acgacaagca gaacaagcaa caccagcagce agcaagcgac ctaagcaaca 1800
ctagccaaca tgactgagga taagacgaag gtcgagttee cgacgctcac ggagctcaag 1860
cactcgatcce cgaacgcgtg ctttgagtcg aacctcggece tcectcegectcta ctacacggcece 1920
cgegegatet tcaacgegte ggecteggeg gegetgetet acgeggegeyg ctcegacgecyg 1980
ttcattgceg ataacgttet getccacgceg ctegtttgeg ccacctacat ctacgtgecag 2040
ggcgtcatet tetggggcett cttcacggtce ggccacgact geggccactce ggectteteg 2100
cgctaccaca gcgtcaactt tatcatcggce tgcatcatge actctgcgat tttgacgecg 2160
ttecgagaget ggcgegtgac gcaccgecac caccacaaga acacgggcaa cattgataag 2220
gacgagatct tttacccgca ccggtcggtce aaggacctec aggacgtgcg ccaatgggtce 2280
tacacgctcg geggtgcegtyg gtttgtctac ttgaaggteg ggtatgceccecce gegcacgatg 2340
agccactttg acccgtggga cccgctecte cttegecegeg cgtcecggcecgt catcgtgtceg 2400
cteggegtet gggccgectt cttegecgeg tacgcgtacce tcacatacte getecggettt 2460
gccgtcatgg gectctacta ctatgcgecg ctetttgtet ttgettegtt cctegtceatt 2520
acgaccttet tgcaccacaa cgacgaagceg acgecegtggt acggcgactce ggagtggacg 2580
tacgtcaagg gcaacctcte gagcgtcgac cgctcecgtacg gegegttcegt ggacaacctg 2640
agccaccaca ttggcacgca ccaggtccac cacttgttcecce cgatcattce gcactacaag 2700
ctcaacgaag ccaccaagca ctttgeggece gegtaccege acctegtgeyg caagaacgac 2760
gagcccatca tcecteggectt cttcaagacce gecgcacctet ttgtcaacta cggecgctgtyg 2820
ccegagacgg cgcagatcett cacgctcaaa gagtcggecg cggecgccaa ggccaagtceg 2880
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gactaaacta agctatctgt agtatgtgct atactcgaat catgctgeccce tgtacgtacce 2940
tacctatatc tgattgagcg tgctgcgtcg accatagacg cgggaacgcg ggccagccta 3000
ccacgttgcce geccgecggta tecacgggca cgccaaagca ttggtcgata acgctcectgece 3060
cagggcttce tggcgaggac ccgaggccaa catgcatgca tgtgctatca geggtcatca 3120
tcgeecteat cagegegecat cggcgagetce gegcacgaac ggcaagcegece caactcaact 3180
cacttactca cactatggtc ttgccgttgg cggttgctta gctaatgcgt gacgtcactce 3240
tgcctecaac atcgegagge agagtcgega gcagtgcaga ggcecacggeyg gacgcecaaca 3300
aagcgccaac cagcgcaacg caccageggg tetgtgggeyg tagetcegage gggegtette 3360
aagagccgee gtggagecga cgcccctgeg aagggctega gtgcaagegyg ggccgttgag 3420
ccgegtggta ggaacaactg cagtctceccct atagtgagtc gtattacgceg gtggtaccgce 3480
agcgectggt gecacccgeceg ggegttgttg tgtgectette ttgcctceccga gagagagagce 3540
ggagcggatyg cataggaaat cgggccacgce gggagggceca tgegttegec ccacacgeca 3600
ctttccacge ccgctctete tecggecgge aggcagcegca taactctceeg acgctggcag 3660
gctggtageca actggcaggg acaactcgeg cgcgggtcee ggtcecgttcega tgtgccaacce 3720
cgagagaatc cagccagcag ggcggttgge ctecatcgece acctgctatyg gtgcagcgaa 3780
ccaactccecg aagcggccegg ttectgcegatt ccectettetg aattctgaat tetgaactga 3840
ttccggagga gaaccctetyg gaagcegeggg ttgectetece agttectgceg aactagacag 3900
gggagtgage agagagtgac cctgacgcegg agcgagetgg ttgctggaaa agtcgcgaac 3960
getgggetgt gtcacgegte cactteggge agtccccaaa cgacaagcag aacaagcaac 4020
accagcagca gcaagcgacc taagcaacac tagccaacat ggccaagect ttgtctcaag 4080
aagaatccac cctcattgaa agagcaacgg ctacaatcaa cagcatcccce atctctgaag 4140
actacagcgt cgccagcgca gcectctcetcecta gcgacggecg catcttcact ggtgtcaatg 4200
tatatcattt tactggggga ccttgtgcag aactcgtggt gectgggcact getgetgetg 4260
cggcagcectgg caacctgact tgtatcgtcg cgatcggaaa tgagaacagg ggcatcttga 4320
gcceectgegyg acggtgccga caggtgette tcgatctgca tectgggatc aaagccatag 4380
tgaaggacag tgatggacag ccgacggcag ttgggattcg tgaattgctg ccctetggtt 4440
atgtgtggga gggctaagat ccgcgaaatg accgaccaag cgacgcccaa cctgecatca 4500
cgagatttcg attccaccge cgccttectat gaaaggttgg gettcggaat cgttttecgg 4560
gacgccggcet ggatgatcct ccagcecgeggg gatctcatge tggagttectt cgecccacccce 4620
aacttgttta ttgcagctta taatggttac aaataaagca atagcatcac aaatttcaca 4680
aataaagcat ttttttcact gcattctagt tgtggtttgt ccaaactcat caatgtatct 4740
tatcatgtct gtataccgtc gacctctage tagatctacce tgtttccgge tggctcecccga 4800
gccatgctta ccatgaatgg acctgcaaac agtctgaggt ccttgtgcaa accgctcagt 4860
gggacgtcga cgaagaaaga aacaatgtgt actcgtcttg ctetgcteccce gcgecgtttt 4920
ttatcgttgt tgagacctcect cgcgcagttt tgggaatcaa ccaaaacaag agcccggegt 4980
cagcgtttge ttcgecccteg getgcactceg cteggcacge aggtataact gggtgagtac 5040
caagccecge atttgtctgt ccgecgatccecg cgcacgetge gggtcaggac gacatcgegce 5100
tgcacgtcac agtgggtccce ttttgacgtg gctgcggcega tgaggaggct tggctcegget 5160
tcatggcaag gcaacagact cgcttcecggg acgcgcacga cgagcagcgce tgctttgatce 5220
gaccttgect gegtcaccge cteggctget ttgatcgate gttgtcaccg gccgagtgac 5280
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cgcgaacgca ttgccegeac ggeteggete

cgeggegega tggcgaccca gacgeggeceg

atctteggge tcgggtacgt tgggagcagg

cgcgtecgegg ggtceggtgag ggagcteggg

tccaagctga geggcaaggt gcaggtgtte

ccegetegeg cgegggagat acttageggg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 239

LENGTH: 904

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Genomic
upstream)

SEQUENCE: 239

gacgtcgatt cccggaagag agaggacttg

agatggaaag tattcaacge gttggegtga

aggcegtggtyg agtggtgact ccaaaagaaa

cttgagatca agattgaaag tttttctgaa

tegtgtgttt gtgccaagtt cgaaaageat

gecattctttyg atttectttgg actggaaaag

gtcteggggyg gtccaatcat gtggaaatgt

gectagagag tcgggtagac ggctttgeca

cggaaactcg tgtgteteeg atgtetcage

ttttctaatt gtegtgateg tegtgacagg

thgtgggtg tCtCtgang gggttgggac

tacaagtatg taataaacac cggtacatat

agaggaaagt ggagcttaga ctttacgaga

gacgggtctyg caaatcctga aacgccggat

acggtggtce agtgcagtag tccccgattt

gagg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 240

LENGTH: 721

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Genomic
downstream)

SEQUENCE: 240

taccgacctt gtactecgagg agttgttgtg

ggtgagagac aggacaatgt ttggtagcag

cttgcgactt gggagcacag cgcggagggce

cacggegecce agagtgcace cggaggegtg

tgtagaaatc ggggccaggt cgagegtgtg

cttgatatcg atcggggaag agacaaacat

ggcccggace ggaccggcetce geettggegyg 5340
gagccgcegeg cggaggacaa ggccatgtte 5400
ctcgccaacce agctggcgga acaggggtgg 5460
cgcgaggacg actttgccga gttcgaaaag 5520
caactcecege ttgagggcga ggacaacacg 5580

a 5611

DNA (Parietichytrium C20 elongase

taaggaactt ttgtgtaaaa agatgtaaaa 60
cgcctcacte acggttgcac gggcagagtce 120
gaaagaaaga aggagggctt tcgtttettg 180
ttttgaattc tttttttttg geggtctgac 240
tgcagtcttg ccacgtgaac acgagaacca 300
acgagactca tgcgctaaag gagagaagct 360
gtgagtgtgt aattggcggt tccatgectce 420
gtctgcageg gagtcatcgg accacgtatce 480
ctctetetet cgacaacttt gtttctaata 540
tgagcatagg tgagcccgca tcatcatcga 600
tccgatgaac tttgaaaaga gacgtggtag 660
catgaaggtt acgcttgcta ggctactgga 720
tgaagggtgt agcgccttga gtgtggcgcet 780
tggttgcegtyg gtcgagctga aaacgacaga 840
ggtagttgac caaaagttga gagaaacgga 900

904

DNA (Parietichytrium C20 elongase

cgegeggate cgagcegcaaa agtggacgte 60
agcagcagtt cgcgctttge aaagcagcgg 120
ctctcaccat gggctgtttt cgctggaagg 180
gattgcgcat aacgcagttg tcgtgggcga 240
gtttggggcece tgcattcgeg gtgaccgcga 300
tcaggacggg agtgtgctgce acacggatgc 360
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aggcgtccct atgaagatac atgatcgcgt caccatcgga cacatggtca tgctgcacgg 420
ctgcacggtg cattctgggt ctctgatcgg cattggggeg acaatactaa acaagtaggt 480
ttctatgaag tgaggaaggg ggaaggaatt cggttgtgtg tttcctgact gtgcaccgcet 540
tctetgcagg gecgtcatcg ggaagaattg cctgattggt gcegaacgctc taatcacgga 600
agggaaagtc atcccggacg gaagtctagt gatgggccege aaccaggtgg ttcegacagcet 660
caccgagaag gagatcgagg gaattcageg cactgcgget ggctatgtgce agaaccaagg 720
g 721

<210> SEQ ID NO 241
<211> LENGTH: 4592

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

fusion DNA (pGEM-T

C20 elongase upstream/Parietichytrium
downstream/pGEM-T easy vector)

<400> SEQUENCE: 241

gggcgaattg

tgacgtcgat

aagatggaaa

caggcgtggt

gettgagatce

ctegtgtgtt

agcattettt

tgtCthggg

cgectagaga

ccggaaacte

attttctaat

atcggtgggt

gtacaagtat

aagaggaaag

tgacgggtct

aacggtggte

agaggtaccg

acgtcggtga

agcggettge

gaaggcacgg

ggcgatgtag

cgcgacttga

gatgcaggcg

cacggetgea

taggtttcta

cegettetet

acggaaggga

ggcecgacgt

tcceggaaga

gtattcaacyg

gagtggtgac

aagattgaaa

tgtgccaagt

gatttetttyg

ggtccaatca

gtcgggtaga

gtgtgtctee

tgtcgtgatce

gtctctgacy

gtaataaaca

tggagcttag

gcaaatcctyg

cagtgcagta

accttgtact

gagacaggac

gacttgggag

cgcccagagt

aaatcgggge

tatcgatcgg

tccctatgaa

cggtgeatte

tgaagtgagg

gcagggccgt

aagtcatccc

cgcatgetee

gagaggactt

cgttggcgtg

tccaaaagaa

gtttttetga

tcgaaaagca

gactggaaaa

tgtggaaatg

cggetttgee

gatgtctcag

gtcgtgacag

ggggttggga

ccggtacata

actttacgag

aaacgccgga

gtcecegatt

cgaggagttg

aatgtttggt

cacagcgegyg

gcacceggag

caggtcgage

ggaagagaca

gatacatgat

tgggtctetyg

aagggggaag

catcgggaag

ggacggaagt

cggecgecat

gtaaggaact

acgcctcact

agaaagaaag

attttgaatt

ttgcagtett

gacgagactce

tgtgagtgtg

agtctgcage

cctetetete

gtgagcatag

ctcegatgaa

tcatgaaggt

atgaagggtg

ttggttgegt

tggtagttga

ttgtgegege

agcagagcag

agggcctete

gegtggattg

gtgtggtttg

aacattcagg

cgcgteacca

atcggcattg

gaatteggtt

aattgcctga

ctagtgatgg

easy vector/Parietichytrium
C20 elongase

ggeggecgeg
tttgtgtaaa
cacggttgca
aaggagggct
ctttrteteet
gccacgtgaa
atgcgctaaa
taattggcgyg
ggagtcatcg
tcgacaactt
gtgagccege
ctttgaaaag
tacgcttget
tagcgectty
ggtcgagetyg
ccaaaagttyg
ggatccgage
cagttecgege
accatggget
cgcataacge

gggectgeat

acgggagtgt

tcggacacat

gggcgacaat

gtgtgtttec

ttggtgcgaa

gecgcaacca

ggaattcgat

aagatgtaaa

cgggcagagt

ttcgtttctt

ggcggtctga

cacgagaacc

ggagagaagc

ttccatgect

gaccacgtat

tgtttctaat

atcatcatcg

agacgtggta

aggctactgyg

agtgtggege

aaaacgacag

agagaaacgg

gcaaaagtgg

tttgcaaagce

gttttegetg

agttgtcgtyg

tcgeggtgac

getgcacacg

ggtcatgetyg

actaaacaag

tgactgtgca

cgctctaate

ggtggttcga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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cagctcacceg agaaggagat cgagggaatt cagcgcactyg cggctggeta tgtgcagaac 1680
caagggccca acgcgttgga tgcatagctt gagtattcecta tagtgtcacce taaatagcett 1740
ggcgtaatca tggtcatagce tgtttccetgt gtgaaattgt tatccgctca caattccaca 1800
caacatacga gccggaagca taaagtgtaa agcctggggt gcctaatgag tgagctaact 1860
cacattaatt gcgttgcgcet cactgcccge tttecagteg ggaaacctgt cgtgccaget 1920
gcattaatga atcggccaac gcgcggggag aggcggtttyg cgtattgggce gctettecge 1980
ttectegete actgactege tgcgeteggt cgtteggetg cggcgagcgg tatcagetca 2040
ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa agaacatgtg 2100
agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcec gegttgetgg cgtttttceca 2160
taggctcege cccectgacg agcatcacaa aaatcgacge tcaagtcaga ggtggcgaaa 2220
cccgacagga ctataaagat accaggcgtt tccccctgga agctcececcteg tgcegetcetcece 2280
tgttccgace ctgccgctta ccggatacct gteecgecttt ctcececttegg gaagegtggce 2340
gctttecteat agectcacgct gtaggtatct cagtteggtg taggtcegttce gctceccaaget 2400
gggctgtgtyg cacgaaccce ccgttcagece cgaccgctge gecttatccg gtaactatceg 2460
tcttgagtce aacccggtaa gacacgactt atcgccactg gcagcagcca ctggtaacag 2520
gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt ggcctaacta 2580
cggctacact agaagaacag tatttggtat ctgcgctcetg ctgaagccag ttaccttegg 2640
aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gctggtageg gtggtttttt 2700
tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc ctttgatctt 2760
ttctacgggg tctgacgcte agtggaacga aaactcacgt taagggattt tggtcatgag 2820
attatcaaaa aggatcttca cctagatcct tttaaattaa aaatgaagtt ttaaatcaat 2880
ctaaagtata tatgagtaaa cttggtctga cagttaccaa tgcttaatca gtgaggcacc 2940
tatctcagecg atctgtctat ttegttcate catagttgec tgactccceg tegtgtagat 3000
aactacgata cgggagggct taccatctgg ccccagtgcet gcaatgatac cgcgagaccce 3060
acgctcacceg gctcecagatt tatcagcaat aaaccagceca gecggaaggyg ccgagegcag 3120
aagtggtcct gcaactttat ccgccteccat ccagtctatt aattgttgcce gggaagctag 3180
agtaagtagt tcgccagtta atagtttgcg caacgttgtt geccattgcta caggcatcgt 3240
ggtgtcacge tcgtegtttg gtatggettce attcagctec ggttcecccaac gatcaaggcy 3300
agttacatga tcccccatgt tgtgcaaaaa agcggttage tcecctteggte cteccgategt 3360
tgtcagaagt aagttggccg cagtgttatc actcatggtt atggcagcac tgcataattc 3420
tcttactgte atgccatccg taagatgctt ttetgtgact ggtgagtact caaccaagtce 3480
attctgagaa tagtgtatgc ggcgaccgag ttgctcttge ccggcgtcaa tacgggataa 3540
taccgcgcca catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt cttecggggceg 3600
aaaactctca aggatcttac cgctgttgag atccagtteg atgtaaccca ctecgtgcacce 3660
caactgatct tcagcatctt ttactttcac cagecgtttct gggtgagcaa aaacaggaag 3720
gcaaaatgcc gcaaaaaagg gaataagggc gacacggaaa tgttgaatac tcatactcett 3780
cctttttcaa tattattgaa gcatttatca gggttattgt ctcatgagcg gatacatatt 3840
tgaatgtatt tagaaaaata aacaaatagg ggttccgcegce acatttcccce gaaaagtgcece 3900

acctgatgcg gtgtgaaata ccgcacagat gcgtaaggag aaaataccgce atcaggaaat 3960
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tgtaagcgtt aatattttgt taaaattege

taaccaatag gccgaaateg gcaaaatcce

gttgagtgtt gttccagttt ggaacaagag

caaagggcga aaaaccgtcet atcagggega

aagttttttyg gggtegaggt gccgtaaage

atttagagcet tgacggggaa agcceggegaa

aggagcggge gctagggege tggcaagtgt

cgecgegett aatgegecge tacagggege

tgggaaggge gatceggtgeg ggcctetteyg

gectgcaagge gattaagttyg ggtaacgcca

acggccagtyg aattgtaata cgactcacta

<210> SEQ ID NO 242

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Genomic
downstream)

<400> SEQUENCE: 242

accgaccttyg tactegagga gttgttgtge

<210> SEQ ID NO 243

<211> LENGTH: 4448

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

gttaaatttt tgttaaatca gctcattttt 4020
ttataaatca aaagaataga ccgagatagg 4080
tccactatta aagaacgtgg actccaacgt 4140
tggcccacta cgtgaaccat caccctaatce 4200
actaaatcgg aaccctaaag ggagccccecg 4260
cgtggcgaga aaggaaggga agaaagcgaa 4320
agcggtcacg ctgcgcgtaa ccaccacacce 4380
gtccattcge cattcaggct gcgcaactgt 4440
ctattacgcce agctggcgaa agggggatgt 4500
gggttttcee agtcacgacg ttgtaaaacy 4560

ta 4592

DNA (Parietichytrium C20 elongase

gcgcgga 37

<223> OTHER INFORMATION: fusion DNA fusion DNA (ubiquitin promoter/omega
3 desaturase/ubiquitin terminator/ubiquitin promoter/HygR/SV40

terminator)

<400> SEQUENCE: 243

tcggtacceg ttagaacgeg taatacgact

ctgetgegag cgggectega gagegtttge

ctcatgeggt cgtgeggece teggtcacce

atcagacaca cgaacgaaca aaccgaggag

gttgtgtget cttettgect cegagagaga

acgcgggagyg gccatgegtt cgecccacac

cggcaggcag cgcataacte tccgacgetg

cgegegeggyg teceggtegt tegatgtgece

tggcctcate geccacctge tatggtgeag

gattccctet tctgaattet gaattctgaa

cgggttgect ctecagttet gecgaactag

geggagegag ctggttgetg gaaaagtege

gggcagacce caaacgacaa gcagaacaag

acactagcca acatgactga ggataagacg

aagcactcga tcccgaacge gtgetttgag

gecegegega tettcaacge gteggecteg

cactataggg agagtcgact gagcacaact 60

ttcgagecge ggagcaaggg ggatggatcg 120

ggtgggtcet gcactgacgce atctgttetg 180
ccgcagegece tggtgcacce gecgggegtt 240
gagcggagceg gatgcatagg aaatcgggcece 300
gccactttee acgecccgetce tctetecgge 360
gcaggctggt agcaactggc agggacaact 420
aacccgagag aatccagcca gcagggcggt 480
cgaaccaact cccgaagcgg ccggttetge 540
ctgattcegg aggagaaccce tcectggaagceg 600
acaggggagt gagcagagag tgaccctgac 660
gaacgctggg ctgtgtcacg cgtccactte 720
caacaccagc agcagcaagc gacctaagca 780

aaggtcgagt tcccgacgcet cacggagcetce 840

tcgaaccteg gectecteget ctactacacg 900

gcggegcetge tcectacgeggce gcgctcecgacy 960
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ccgttcattg ccgataacgt tetgcteccac gecgetegttt gegcecaccta catctacgtg 1020
cagggcgtca tcttetgggg cttecttcacg gteggccacg actgcggcca cteggcectte 1080
tcgecgectace acagcgtcaa ctttatcatce ggctgcatca tgcactctge gattttgacg 1140
cegttegaga gcetggegegt gacgcaccge caccaccaca agaacacggyg caacattgat 1200
aaggacgaga tcttttaccc gcaccggtcg gtcaaggacce tccaggacgt gegccaatgg 1260
gtctacacge tcggecggtge gtggtttgte tacttgaagg tcegggtatgce cccgcecgcacy 1320
atgagccact ttgacccgtg ggacccgcte ctecttegece gegegtcecgge cgtcatcegtg 1380
tcgeteggeg tetgggceege cttettegee gegtacgegt acctcacata ctegeteggce 1440
tttgcecgtca tgggcctceta ctactatgcg ccgectcetttg tetttgette gttectegte 1500
attacgacct tcttgcacca caacgacgaa gcgacgccegt ggtacggcga ctcggagtgg 1560
acgtacgtca agggcaacct ctcgagegtce gaccgctegt acggcgegtt cgtggacaac 1620
ctgagccacc acattggcac gcaccaggtc caccacttgt tcccgatcat tceccgcactac 1680
aagctcaacg aagccaccaa gcactttgeg gecgegtace cgcacctegt gcgcaagaac 1740
gacgagccca tcatctcgge cttettcaag accgcgcacce tcetttgtcaa ctacggeget 1800
gtgcccgaga cggegcagat cttcacgetce aaagagtcegg cegeggecge caaggccaag 1860
tcggactaaa ctaagctatc tgtagtatgt gctatactcg aatcatgctg ccctgtacgt 1920
acctacctat atctgattga gcgtgctgcg tcgaccatag acgcgggaac gcegggccagce 1980
ctaccacgtt gccgeccgecg gtatccacgg gcacgccaaa gcattggteg ataacgctcet 2040
gcccagggcet tectggcgag gacccgaggce caacatgcat gcatgtgeta tcagecggtca 2100
tcatecgecct catcagegeg catcggegag ctegegcacyg aacggcaagce gcccaactca 2160
actcacttac tcacactatg gtcttgccgt tggeggttge ttagctaatg cgtgacgtca 2220
ctetgectee aacatcgecga ggcagagtceg cgagcagtge agaggccacyg gcggacgcca 2280
acaaagcgcece aaccagcgca acgcaccagce gggtetgtgg gegtageteg agegggegte 2340
ttcaagagce gccgtggage cgacgceccct gegaagggcet cgagtgcaag cggggecgtt 2400
gagccgcegtyg gtaggaacaa ctgcagtcectce cctatagtga gtegtattac gcggtggtac 2460
cgaccttgta ctcgaggagt tgttgtgcge gcggatctgg atctgeccgca gegectggtg 2520
cacccgecgg gegttgttgt gtgcetcettet tgectceccgag agagagagceg gagcggatgce 2580
ataggaaatc gggccacgcg ggagggecat gegttegece cacacgccac tttecacgece 2640
cgctctetet cecggecggca ggcagcegcat aactctecga cgctggcagg ctggtagcaa 2700
ctggcaggga caactcgege gegggteceg gtegttegat gtgecaacce gagagaatce 2760
agccagcagg gceggttggece tcatcgecca cetgctatgg tgcagcgaac caactcccga 2820
agcggceeggt tcectgcgatte cctcettetga attcectgaatt ctgaactgat tecggaggag 2880
aaccctetgg aagcgcgggt tgcctcectceca gttetgecga actagacagg ggagtgagca 2940
gagagtgacc ctgacgcgga gcgagctggt tgctggaaaa gtcgcgaacg ctgggctgtg 3000
tcacgegtee acttegggca gaccccaaac gacaagcaga acaagcaaca ccagcagcag 3060
caagcgacct aagcaacact agccaacatg aaaaagcctyg aactcaccge gacgtcetgte 3120
gagaagtttc tgatcgaaaa gttcgacagc gtctccgacce tgatgcagcet ctceggagggce 3180
gaagaatctc gtgctttcag cttecgatgta ggagggcgtyg gatatgtcct gcgggtaaat 3240
agctgcgecg atggtttcta caaagatcgt tatgtttatc ggcactttge atcggccgeg 3300
ctccecgatte cggaagtgcet tgacattggg gaattcageg agagcctgac ctattgcatce 3360
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tceegeegtyg cacagggtgt cacgttgcaa gacctgectg aaaccgaact geccgcetgtt 3420
ctgcagecegg tcegeggagge catggatgeg ategetgegyg cegatcttag ccagacgage 3480
gggttcggee cattcggace gcaaggaatc ggtcaataca ctacatggcg tgatttcata 3540
tgcgcgattg ctgatccecca tgtgtatcac tggcaaactg tgatggacga caccgtcagt 3600
gcgtecgteg cgcaggcectcet cgatgagetg atgctttggg ccgaggactg ccccgaagtce 3660
cggcaccteg tgcacgcgga tttecggctcee aacaatgtcece tgacggacaa tggccgcata 3720
acagcggtca ttgactggag cgaggcgatg ttceggggatt cccaatacga ggtcgccaac 3780
atcttettet ggaggccgtyg gttggettgt atggagcage agacgcgcta cttcgagegg 3840
aggcatccgg agcttgcagg atcgccgcegg cteecgggegt atatgctceeg cattggtcett 3900
gaccaactct atcagagctt ggttgacggce aatttcgatg atgcagecttg ggcgcagggt 3960
cgatgecgacg caatcgtcceg atccggagec gggactgteg ggegtacaca aatcgeccge 4020
agaagcgcgg ccgtcectggac cgatggectgt gtagaagtac tcgccgatag tggaaaccga 4080
cgcececagea ctegtecgag ggcaaaggaa tagagatceg cgaaatgacce gaccaagcga 4140
cgcccaacct gecatcacga gatttcgatt ccaccgecge cttctatgaa aggttgggcet 4200
tcggaategt tttcececgggac gecggctgga tgatccteca gegcecggggat ctcatgetgg 4260
agttcttege ccaccccaac ttgtttattg cagcttataa tggttacaaa taaagcaata 4320
gcatcacaaa tttcacaaat aaagcatttt tttcactgca ttctagttgt ggtttgtcca 4380
aactcatcaa tgtatcttat catgtctgta taccgtcgac ctctagctag atctgagatt 4440
aattgcgt 4448
<210> SEQ ID NO 244
<211> LENGTH: 27
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 244
cgttagaacg cgtaatacga ctcacta 27
<210> SEQ ID NO 245
<211> LENGTH: 32
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 245
cceggateca tggtggecag cgaggtgete ag 32
<210> SEQ ID NO 246
<211> LENGTH: 34
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 246
cceggatect tagtegeget tgagctcage atcce 34

<210> SEQ ID NO 247
<211> LENGTH: 314
<212> TYPE: PRT
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<213> ORGANISM:

<400> SEQUENCE:

Met Val Ala Ser

1

Ala

Asp

Leu

Leu

65

Ser

Tyr

Met

Phe

145

Ile

Cys

Leu

Leu

Thr
305

<210>
<211>
<212>
<213>
<220>
<223>

<400>

atggtggcca gcgaggtget cagegecccee aaggecgegg cegacgecege ggcecaagecce

aagcaggcge gtegeceggt caaggtggac cgegacgatg cattcttecg cacctttaac

Ala

Ala

Tyr

50

Tyr

Val

Arg

Val

Val

130

Gly

His

Leu

Ala

Ser

210

Leu

Leu

Ile

Glu

Phe

290

Asp

Lys

Phe

35

Tyr

Phe

Phe

Phe

Gln

115

Tyr

Leu

Tyr

Ser

Thr

195

Gly

Met

Lys

Val

Phe

275

Gly

Met

Pro

20

Phe

Ala

Ala

Gly

Met

100

Pro

Gly

Asn

Leu

Lys

180

Ile

Thr

Tyr

Lys

His

260

Ala

Lys

Asp

region)

SEQUENCE :

Schizochytrium

247

Glu

5

Lys

Arg

Ile

Lys

Ala

85

Val

Leu

Ile

Thr

Thr

165

Ser

Gly

Cys

Ser

Trp

245

Ala

Phe

Arg

Ala

SEQ ID NO 248
LENGTH:
TYPE: DNA
ORGANISM: Schizochytrium
FEATURE:
OTHER INFORMATION:

945

248

Val

Gln

Thr

Gln

Asn

70

Pro

Asn

Tyr

Met

Lys

150

Lys

Tyr

Met

Ala

His

230

Leu

Leu

Met

Met

Glu
310

Leu

Ala

Phe

Val

55

Lys

Val

Lys

Asn

Pro

135

Arg

Phe

His

Val

Tyr

215

Tyr

Thr

Leu

Gln

Ser

295

Leu

cDNA (genomic DNA contains C20 elongase coding

Ser

Arg

Asn

40

Gly

Phe

Leu

Lys

Val

120

Gln

Asp

Leu

Gln

Trp

200

Gly

Leu

Lys

Val

Ile

280

Trp

Lys

Ala

Arg

25

Leu

Pro

Tyr

Tyr

Pro

105

Val

Val

Ala

Asp

Val

185

Gly

Ala

Trp

Phe

Leu

265

Ser

Ala

Arg

Pro

10

Pro

Gly

Val

Gln

Val

90

Leu

Gln

Asp

Arg

Trp

170

Ser

Phe

Phe

Thr

Gln

250

Ala

Tyr

Pro

Asp

Lys

Val

Ala

Asp

Ile

75

Leu

Thr

Ile

Ile

Ile

155

Thr

Phe

Leu

Ile

Ser

235

Leu

Phe

His

Leu

Ala

Lys

Leu

Asn

60

Met

Ala

Ala

Val

Leu

140

Glu

Asp

Leu

Leu

Asn

220

Phe

Ala

Glu

Ile

Trp
300

Ala

Val

Tyr

45

Asp

Leu

Val

Phe

Val

125

Asn

Phe

Thr

Gln

Gln

205

Ser

Gly

Gln

Glu

Ile

285

Cys

Ala

Asp

30

Cys

Gly

Ser

Met

Leu

110

Cys

Gly

Phe

Phe

Val

190

Arg

Val

Phe

Phe

Ala

270

Met

Thr

Asp

15

Arg

Ser

Lys

Asp

Gly

95

Arg

Ala

Asn

Val

Ile

175

Phe

Gly

Thr

Lys

Ala

255

Tyr

Leu

Gly

Ala

Asp

Ala

Gly

Ala

80

Leu

Ala

Trp

Pro

Phe

160

Met

His

Trp

His

Asn

240

Ser

Pro

Tyr

Met
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ctgggggcac tctactgcag cgcactctac tacgccatee aggttggece cgtcgacaat 180
gacggcaagyg gcctctactt tgccaagaac aagttctacce agatcatget ctecgacgeg 240
gtegtetttyg gegecccegt cctctacgte ctegeegtcea tgggtcetcete cegettcatg 300
gtcaacaaga agcccctcac cgecttecte cgegectacyg tgcagecget ctacaacgtce 360
gtgcagatcyg tegtgtgcge ctggatggtce tacggcatca tgccccaggt cgatatccte 420
aacgggaacc cctteggect caacaccaag cgggacgcecce gcatcgagtt cttegtgttt 480
gtecactace tcaccaagtt tcttgactgg accgacacct tcatcatgat cctctccaag 540
agctaccacc aggtctectt cctgcaggte ttecaccacyg ccaccatcegyg catggtetgg 600
ggctttette tgcagegegyg ctggggatceg ggcacctgtyg cttacggege cttcatcaac 660
tecggtecacce acgtectcat gtactcegeac tacctcetgga cctectttgg cttcaagaac 720
ccgetcaaga agtggetcac caagttecag ctegegcagt ttgectcegtyg cattgtcecac 780
geectectygy tecttgectt cgaggaggcece tacccegeteg agtttgettt catgcagatce 840
agctaccaca ttatcatgct ctaccttttt ggcaagcgea tgagetggge cccgetttgg 900
tgcacgggga tgactgatat ggatgctgag ctcaagcgcg actaa 945
<210> SEQ ID NO 249
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 249
catcgagatc ttcgtgtttg tceca 24
<210> SEQ ID NO 250
<211> LENGTH: 25
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 250
acgaagatct cgatgcgggce gtccce 25
<210> SEQ ID NO 251
<211> LENGTH: 945
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Schizochytrium derived BglII inserted C20

elongase
<400> SEQUENCE: 251
atggtggceg gcgaggtgcet cagcgeccece aaggcecgegyg ccgacgcecge ggccaagece 60
aagcaggcge gccgeceggt caaggtggac cgtgacgatg cattcecttecg cacctttaac 120
ctgggggcac tctactgcag cgcactctac tacgccatee aggttggtece cgtcgacaat 180
gacggcaagyg gcctctactt tgccaagaac aagttctacce agatcatget ctecgacgeg 240
gtegtetttyg gegecccegt cctctacgte ctegeegtca tgggectete cegettcatg 300
gtcaacaaga agcccctcac cgecttecte cgegectacyg tgcagecget ctacaacgtce 360
gtgcagatcyg tegtgtgcge ctggatggtce tacggcatca tgccccaggt cgatatccte 420
aacgggaacc cctteggect caacaccaag cgggacgccce gcatcgagat cttegtgttt 480
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gtccactace tcaccaagtt tcttgactgg

agctaccacce aggtctectt cctgeaggte

ggctttette tgcagegegyg ctggggateg

tcggtcacce acgtecteat gtactegeac

ccgetcaaga agtggetcac caagttecag

gecctectgg tecttgectt cgaggaggec

agctaccaca ttatcatget ctaccttttt

tgcacgggga tgactgatat ggatgctgag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 252

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 252

agatggtggc cagcgaggtg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 253

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 253

ttagtcegege ttgagetcag catce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 254
LENGTH: 2644

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: fusion DNA (Schizochytrium C20 elongase 5'

accgacacct

ttccaccacy

ggcacctgty

tacctctgga

ctegegeagt

tacccgeteg

ggcaagcgca

ctcaagcgeyg

tcatcatgat

ccaccategyg

cttacggege

cctectttygy

ttgcctegty

agtttgettt

tgagctgggc

actaa

cctetecaag
catggtctygyg
cttcatcaac
cttcaagaac
cattgtccac
catgcagatc

ccegetttygy

540

600

660

720

780

840

900

945

20

25

region/SV40 terminator/Neor/ubiquitin promoter/Schizochytrium C20

elongase 3' region)

SEQUENCE: 254

atggtggeeg gcgaggtget cagegeccece

aagcaggege gecgeceggt caaggtggac

ctgggggcac tctactgecag cgcactctac

gacggcaagg gcctctactt tgccaagaac

gtegtetttyg gegecceegt cctctacgte

gtcaacaaga agcccctcac cgecttecte

gtgcagatcg tcegtgtgcege ctggatggte

aacgggaacc cctteggect caacaccaag

gectggtgea ccegecggge gttgttggtyg

agcggatgca taggaaatcg ggccacgegg

ttccacgece gectctetete cggecggeag

tggtagcaac tggcagggac aactcgegeg

agagaatcca gccagcaggg cggttggect

aactcccgaa geggeeggtt ctgegattece

aaggccgcgg

cgtgacgatg

tacgccatce

aagttctacc

ctcgeegtea

cgegectacy

tacggcatca

cgggacgecc

tgctettett

gagggccatg

gcagcgcata

nggtCCng

catcgeccac

ctcttetgaa

ccgacgecge

cattctteeg

aggttggtce

agatcatget

tgggecetete

tgcagccget

tgccccaggt

gcatcgagat

gectecgaga

cgttegecee

actctecgac

tcgttegatyg

ctgctatggt

ttetgaatte

ggccaagecce

cacctttaac

cgtcgacaat

ctcegacgeyg

ccgetteatg

ctacaacgtce

cgatatccte

ctgeccgeage

dagagagcgg

acacgccact

gctggcaggc

tgccaaccey

gcagcgaacce

tgaactgatt

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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ccggaggaga accctctgga agcgcgggtt geoctctccag ttctgccgaa ctagacaggg 900
gagtgagcag agagtgaccc tgacgcggag cgagctggtt gctggaaaag tcgcgaacgc 960
tgggctgtgt cacgcgtcca cttcegggcag accccaaacg acaagcagaa caagcaacac 1020
cagcagcagc aagcgaccta agcaacacta gccaacatga ttgaacagga cggccttcac 1080

gctggcectege cegetgettg ggtggaacgg ctgttegget acgactgggce tcagcagacy 1140
atcggetget cggacgcgge cgtgttecge cttagecgege agggccggece ggtcectgttt 1200
gtcaagaccyg accttagcegg cgccectcaac gagctcecagg acgaagcetgce ccegectcage 1260
tggcttgecca cgacgggggt tcecgtgcgcee gctgtgeteg acgtcegtcac cgaagcecggce 1320
cgegactgge tgctectegg ggaagtgecce ggecaggace tectcagcag ccacctegeg 1380
ccegetgaga aggtgtcecat catggecgac gecatgegece gectgcacac cctcegaccce 1440
gecacctgee ccttegacca ccaggcgaag cacaggatcg aacgcgeccg cacgeggatg 1500
gaggctggee tegtecgacca agacgacctce gacgaggage accagggect cgegecggeg 1560
gaactgttcg ccaggcttaa ggctaggatg ccggacggeg aggacctcegt ggtcacgcac 1620
ggcgacgect gectcecccaa catcatggtce gagaacggec gcttcecteggg ctttatcgac 1680
tgegggegee tgggegtgge ggaccgcetac caagacateg cgctegecac gcegggacate 1740
gccgaggage ttggcecggcga gtgggccgac cgctttcecteg tgctctacgg catcgecgece 1800
ccggacagcece agaggattge gttctaccge ctectggacg agttcecttttg agatccgega 1860
aatgaccgac caagcgacgc ccaacctgcce atcacgagat ttcgattcca ccgecgectt 1920
ctatgaaagg ttgggcttcg gaatcgtttt ccgggacgcce ggctggatga tectccageg 1980
cggggatctce atgctggagt tcecttcecgeccca ccccaacttg tttattgcag cttataatgg 2040
ttacaaataa agcaatagca tcacaaattt cacaaataaa gcattttttt cactgcattc 2100
tagttgtggt ttgtccaaac tcatcaatgt atcttatcat gtctgtatac cgtcgacctce 2160
tagctagatc ttcgtgtttg tceccactacct caccaagttt cttgactgga ccgacacctt 2220
catcatgatc ctctccaaga gctaccacca ggtctcecctte ctgcaggtet tcecaccacgce 2280
caccatcgge atggtctggg getttcettcet gcagegegge tggggatcgg gcacctgtgce 2340
ttacggcgcece ttcatcaact cggtcaccca cgtecctcatg tactcgcact acctctggac 2400
ctecctttgge ttcaagaacc cgctcaagaa gtggctcacc aagttccage tcegcgcagtt 2460
tgcctegtge attgtccacg cectectggt ccttgectte gaggaggcct acccgctega 2520
gtttgcttte atgcagatca gctaccacat tatcatgctc tacctttttg gcaagcgcat 2580
gagctgggece ccgetttggt gcacggggat gactgatatg gatgctgagce tcaagcgcga 2640
ctaa 2644
<210> SEQ ID NO 255
<211> LENGTH: 2881
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: fusion DNA (Schizochytrium C20 elongase 5'
region/ubiquitin promoter/Hygr/SV40 terminator/Schizochytrium C20
elongase 3' region)
<400> SEQUENCE: 255
atggtggceg gcgaggtgcet cagcgeccece aaggcecgegyg ccgacgcecge ggccaagece 60

aagcaggcge gecgecceggt caaggtggac cgtgacgatg cattcttecg cacctttaac 120
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ctgggggcac tctactgcag cgcactctac tacgccatee aggttggtece cgtcgacaat 180
gacggcaagyg gcctctactt tgccaagaac aagttctacce agatcatget ctecgacgeg 240
gtegtetttyg gegecccegt cctctacgte ctegeegtca tgggectete cegettcatg 300
gtcaacaaga agcccctcac cgecttecte cgegectacyg tgcagecget ctacaacgtce 360
gtgcagatcyg tegtgtgcge ctggatggtce tacggcatca tgccccaggt cgatatccte 420
aacgggaacc cctteggect caacaccaag cgggacgccce gcatcgagat ctagetrgag 480
gtecgacggta tacagacatg ataagataca ttgatgagtt tggacaaacc acaactagaa 540
tgcagtgaaa aaaatgcttt atttgtgaaa tttgtgatgc tattgcttta tttgtaacca 600
ttataagctyg caataaacaa gttggggtgg gcgaagaact ccagcatgag atccccgege 660
tggaggatca tccagccgge gtcccggaaa acgattccga agceccaacct ttcatagaag 720
geggeggtygyg aatcgaaatce tcegtgatgge aggttgggeg tegettggte ggtcattteg 780
cggatcteta ttectttgce cteggacgag tgetggggeyg teggttteca ctatcggcega 840
gtacttctac acagccatcg gtccagacgg ccgegettet gegggegatt tgtgtacgece 900
cgacagtcce ggctecggat cggacgattg cgtegcateg accctgegece caagetgcat 960

catcgaaatt gccgtcaacc aagctctgat agagttggtc aagaccaatg cggagcatat 1020
acgceceggag ccgeggegat cctgcaaget ceggatgect cegetcegaag tagegegtcet 1080
gctgectcecat acaagccaac cacggcctcecce agaagaagat gttggcgacce tcgtattggg 1140
aatccccgaa catcgecteg cteccagtcaa tgaccgetgt tatgcggcca ttgtcecgtca 1200
ggacattgtt ggagccgaaa tccgcgtgca cgaggtgceg gacttcegggg cagtcectegg 1260
cccaaagcat cagctcatcg agagcectgeg cgacggacge actgacggtyg tcegtcecatca 1320
cagtttgcca gtgatacaca tggggatcag caatcgcgca tatgaaatca cgccatgtag 1380
tgtattgacc gattccttge ggtccgaatg ggccgaacce gectcegtctgg ctaagatcegg 1440
ccgcagcegat cgcatccatg gectcecgcecga ccggctgcag aacagcegggce agttceggttt 1500
caggcaggtc ttgcaacgtg acaccctgtg cacggcggga gatgcaatag gtcaggctct 1560
cgctgaattc cccaatgtca agcacttccg gaatcgggag cgcggccgat gcaaagtgcece 1620
gataaacata acgatctttg tagaaaccat cggcgcagct atttacccgc aggacatatc 1680
cacgcectee tacatcgaag ctgaaagcac gagattcttce geccctceccgag agctgcatca 1740
ggtcggagac gctgtcgaac ttttcgatca gaaacttctce gacagacgtc gcggtgagtt 1800
caggcttttt catgttggct agtgttgctt aggtcgettg ctgctgctgg tgttgettgt 1860
tctgecttgte gtttggggte tgcccgaagt ggacgcgtga cacagcccag cgttcegcgac 1920
ttttccagca accagctege tcecgegtcag ggtcactete tgctcactcee cctgtctagt 1980
tcggcagaac tggagaggca acccgcgctt ccagagggtt ctcectceccgga atcagttcag 2040
aattcagaat tcagaagagg gaatcgcaga accggccgct tcgggagttg gttecgcetgcea 2100
ccatagcagg tgggcgatga ggccaaccgce cctgetgget ggattctcete gggttggcac 2160
atcgaacgac cgggacccgce gecgcgagttg tecctgecag ttgctaccag cctgecageg 2220
tcggagagtt atgcgctgece tgccggecgg agagagagceg ggcgtggaaa gtggegtgtg 2280
gggcgaacgce atggccctcee cgegtggecce gatttectat gcatccegetce cgectcetetet 2340
ctecggaggca agaagagcac acaacaacgce ceggegggtyg caccaggege tgcggcagat 2400
ccagatcttc gtgtttgtece actacctcac caagtttett gactggaccg acaccttcat 2460

catgatcctce tccaagagct accaccaggt ctecttectg caggtcecttece accacgccac 2520
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catcggcatg gtctggggcet ttettcetgca gcgeggetgg ggatcgggca cctgtgetta 2580
cggcgectte atcaactcegg tcacccacgt cctcatgtac tecgcactacce tcetggaccte 2640
ctttggcttc aagaacccgce tcaagaagtg gctcaccaag ttccagcteg cgcagtttgce 2700
ctegtgcecatt gtccacgccce tectggtect tgecttecgag gaggcctace cgctcgagtt 2760
tgctttcatg cagatcagct accacattat catgctctac ctttttggca agcgcatgag 2820
ctgggccecceg ctttggtgca cggggatgac tgatatggat gectgagctca agcgcgacta 2880
a 2881

The invention claimed is:

1. A method for transforming Stramenopile, the method
comprising disrupting a stramenopile gene and/or inhibiting
expression thereof by genetic engineering in microorganisms
belong to Stramenopile, wherein the microorganisms are
selected from the group consisting of Parietichvtrium
sarkarianum SEK 364 (FERM BP-11298), Parietichvtrium
sp. SEK358 (FERM BP-11405), Parietichvtrium sp. SEK571
(FERM BP-11406), and Schizochvtrium sp. TY 12Ab
(FERM BP-11421).

2. The method according to claim 1, wherein the strameno-
pile gene is a gene associated with fatty acid biosynthesis.

3. The method according to claim 2, wherein the gene
associated with fatty acid biosynthesis is a gene associated
with polyketide synthase, fatty acid chain elongase, and/or
fatty acid desaturase.

4. The method according to claim 3, wherein the fatty acid
chain elongase is a C20 elongase.

5. The method according to claim 3, wherein the fatty acid
desaturase is a A12 desaturase.

6. The method according to claim 5, wherein the method
used to disrupt the stramenopile gene by genetic engineering
is electroporation or a gene-gun technique introducing a loss-
of-function gene or a DNA fragment from which a coding
region of the gene is deleted.

7. The method according to claim 6, wherein the method
used to inhibit expression of the stramenopile gene by genetic
engineering is an antisense technique or RNA interference.

8. The method according to claim 7, further comprising
introducing a gene associated with fatty acid desaturase.

9. The method according to claim 8, wherein the gene
associated with fatty acid desaturase is an w3 desaturase.

10. A method for modifying the fatty acid composition of a
Stramenopile, the method comprising disrupting a strameno-
pile gene and/or inhibiting expression thereof by genetic
engineering in microorganisms wherein the microorganisms
are selected from the group consisting of Parietichvtrium
sarkarianum SEK 364 (FERM BP-11298), Parietichvtrium
sp. SEK358 (FERM BP-11405), Parietichvtrium sp. SEK571
(FERM BP-11406), and Schizochvtrium sp. TY 12Ab
(FERM BP-11421).

11. The method according to claim 10, wherein the stra-
menopile gene is a gene associated with fatty acid biosynthe-
sis.

12. The method according to claim 11, wherein the gene
associated with fatty acid biosynthesis is a gene associated
with polyketide synthase, fatty acid chain elongase, and/or
fatty acid desaturase.

13. The method according to claim 12, wherein the fatty
acid chain elongase is a C20 elongase.
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14. The method according to claim 12, wherein the fatty
acid desaturase is a A12 desaturase.

15. The method according to claim 14, wherein the method
used to disrupt the stramenopile gene by genetic engineering
is electroporation or a gene-gun technique introducing a loss-
of-function gene or a DNA fragment from which a coding
region of the gene is deleted.

16. The method according to claim 15, wherein the method
used to inhibit expression of the stramenopile gene by genetic
engineering is an antisense technique or RNA interference.

17. The method according to claim 16, further comprising
introducing a gene associated with fatty acid desaturase.

18. The method according to claim 17, wherein the gene
associated with fatty acid desaturase is an w3 desaturase.

19. A method for highly accumulating a fatty acid in a
stramenopile, wherein the method uses the method of claim
18.

20. The method according to claim 19, wherein the fatty
acid is an unsaturated fatty acid.

21. The method according to claim 20, wherein the unsat-
urated fatty acid is an unsaturated fatty acid of 18 to 22 carbon
atoms.

22. A stramenopile transformed for the modification of the
fatty acid composition through disruption of its gene and/or
inhibition of expression thereof by genetic engineering in
microorganisms wherein the microorganisms are selected
from the group consisting of Parietichvtrium sarkarianum
SEK 364 (FERM BP-11298), Parietichvtrium sp. SEK358
(FERM BP-11405), Parietichvtrium sp. SEK571 (FERM
BP-11406), and Schizochvtrium sp. TY 12Ab (FERM
BP-11421).

23. The stramenopile according to claim 22, wherein the
stramenopile gene is a gene associated with fatty acid biosyn-
thesis.

24. The stramenopile according to claim 23, wherein the
gene associated with fatty acid biosynthesis is a gene associ-
ated with polyketide synthase, fatty acid chain elongase, and/
or fatty acid desaturase.

25. The stramenopile according to claim 24, wherein the
fatty acid chain elongase is a C20 elongase.

26. The stramenopile according to claim 24, wherein the
fatty acid desaturase is a A12 desaturase.

27. The stramenopile according to claim 26, wherein the
method used to disrupt the stramenopile gene by genetic
engineering is electroporation or a gene-gun technique intro-
ducing a loss-of-function gene or a DNA fragment from
which a coding region of the gene is deleted.

28. The stramenopile according to claim 27, wherein the
method used to inhibit expression of the stramenopile gene by
genetic engineering is an antisense technique or RNA inter-
ference.
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29. The stramenopile according to claim 28, further com-
prising introducing a gene associated with fatty acid desatu-
rase is introduced.

30. The stramenopile according to claim 29, wherein the
gene associated with fatty acid desaturase is an m3 desaturase.

31. The method according to claim 1, wherein the method
used to disrupt the stramenopile gene by genetic engineering
is electroporation or a gene-gun technique introducing a loss-
of-function gene or a DNA fragment from which a coding
region of the gene is deleted.

32. The method according to claim 31, wherein the method
used to inhibit expression of the stramenopile gene by genetic
engineering is an antisense technique or RNA interference.

33. The method according to claim 2, wherein the method
used to disrupt the stramenopile gene by genetic engineering
is electroporation or a gene-gun technique introducing a loss-
of-function gene or a DNA fragment from which a coding
region of the gene is deleted.
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34. The method according to claim 33, wherein the method
used to inhibit expression of the stramenopile gene by genetic
engineering is an antisense technique or RNA interference.

35. The method according to claim 3, wherein the method
used to disrupt the stramenopile gene by genetic engineering
is electroporation or a gene-gun technique introducing a loss-
of-function gene or a DNA fragment from which a coding
region of the gene is deleted.

36. The method according to claim 35, wherein the method
used to inhibit expression of the stramenopile gene by genetic
engineering is an antisense technique or RNA interference.

37. The method according to claim 4, wherein the method
used to disrupt the stramenopile gene by genetic engineering
is electroporation or a gene-gun technique introducing a loss-
of-function gene or a DNA fragment from which a coding
region of the gene is deleted.

38. The method according to claim 37, wherein the method
used to inhibit expression of the stramenopile gene by genetic
engineering is an antisense technique or RNA interference.
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